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tensile strength and elasticity of wool 

By ROBERT F. Miller, Assistant in Animal Husbandry, Montana Agricultural Experi- 
ment Station, and William D. Tallman, Professor of Mathematics, Montana State 

College of Agriculture 

INTRODUCTION 

The study of the tensile strength and elasticity of wool is compara- 
tively a new line of investigation. McMurtrie, 1 of Illinois, in cooperation 
with the United States Department of Agriculture, tested a great number 
of fibers, and Prof. J. A. Hill, of the Wyoming Agricultural Experiment 
Station, Laramie, Wyo., did considerable work along this line. Other 
than that, so far as the writer knows, there has been no research on this 
problem in the United States. 

The exact structure of wool is not well understood. It differs from a 
hair in that the medullary, or central, layer of cells, corresponding to the 
heart of a tree, is absent in true wool. The coarse wools, however, possess 
this layer to some extent and, hence, might be termed “hair” in one 
sense of the word. The line of distinction can not be sharply drawn. 

McMurtrie 1 measured the breaking strain and elasticity of over 35,000 
fibers, representing nearly 1 ,000 samples. He tested 30 fibers per sample 
to secure a fair average test. In another series tested a few years later a 
small lock was taken from each sample and the fibers were drawn at ran- 
dom. In this way it was found necessary to test 50 fibers of each sample 
to obtain a true average. 2 

Matthews 3 makes the following statement in regard to this point: 

A fair average of breaking strain and elasticity may be obtained for any quality of 
fibre by testing about 10 separate fibres and taking the mean of the total tests. If the 
quality of fibres, however, in a sample does not run very uniform it is best to increase 
the number of tests to 25 or even 50 in order that a satisfactory average may be obtained. 

Prof. Hill and assistants tested in all 59,400 fibers and proved the 
fallacy of using only 10 to 50 fibers for a true average. He tested 1,000 
fibers per sample and divided them into groups of 100. hour of the 
means of the groups of 100 differed from the mean of the 1 ,ooo by more 

1 McMurtrie, William. Report upon an Examination of Wools and Other Animal fibers ... made under 
the direction of the Commissioner of Agriculture, p. 217- Washington, D. C.. 18S6. Pub. by the U. 3 . 
Dept. Agr. 

*Id. p p. 42$. 

’Matthews, J. M. The Textile Fibres ... « 1 . 1, p. 274. Key York, 1904 
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than 4 per cent, and between the mean of the sixth and the mean of the 
seventh hundred there was a difference of 14.63 per cent. He savs 1 

A result such as this from the first experiment shows that, even if this were 
exceptional case, it is at least necessary to test several more samples before decidi* 0 
to base any conclusions upon means of so few as 100 measurements. 

At the Wyoming Experiment Station as high as 10,000 fibers from one 
sheep were tested for breaking strain and divided into groups of 5 000 
each, on which Hill comments as follows: 3 

Notwithstanding the fact that for most purposes the drawing and testing of 5 ^ 
fibers of wool in order to determine the tensile strength of a sample would be highly 
impracticable, Tabic III shows that where the samples were not carefully mixed 
before drawing the sub-samples, the means of this number in two samples differ by 
more than sfo when only two and three means are compared. 

NECESSITY FOR A METHOD OF TESTING WOOL 

On July i, 1908, a project in wool research was undertaken bv Prof 
R. W. Clark, of the Montana Experiment Station. The object was to 
study the effect of various factors — feeding, breeding, care, management 
etc. — upon the wool and form of the sheep. 

The first step necessary was to work out a method to test accurately 
the qualities of the wool fibers. This has proved a long and tedious 
task, owing to the excessive variation among the fibers. 

In the sample of Rambouillet wool, fibers grown side by side varied 
in breaking stress from 20 to 140 dgm. Also the stretch or strain varied 
from 1 to 15 mm. Hence, it is self-evident that a great many fibers 
would have to be tested to reduce this variation to a minimum. 

Table I gives the results obtained by testing 1 ,000 fibers from the same 
place 011 the body of the sheep for breaking stress. Five samples were 
taken from each sheep. 


Tabi,f, I. — Results of testing fibers of wool for breaking stress 


Sheep 

No. 

Shoulder. 

Back. 

Side. 

Belly. 

Hip. 


Dgm. 

Dgm. 

Dgm. 

Am. 

Dgm. 

3 2 4 

55. 994 ±0. 404 

53- 127 ±0. 407 

56. 566 ±0. 502 

58. 13 ±0. 437 

54. 652 ±0.496 

6283 

56. 146 ±0. 452 

53 . 8<)4±c. 502 

50. 523 ±0. 440 

51. 868 _to. 298 | 

j 62. 702 ±0. 575 
| 65. 696 ±0. 576 

6382 

55- ±0-325 

57. 56 ±0. 431 

63. 502±o. 417 

46. 97 ±0. 298 1 


To explain the notation, let us consider for an illustration the shoulder 
of sheep Xo. 324, which is given as 55.994^0.404. By this is meant that 
the average breaking stress of the 1 ,000 fibers was 55.994 dgm., and the 
probable variation for the 1,000 was 0.404 dgm. — i. e., the chance is 
even that if another lot of 1 ,ooo fibers were taken from the same, place, the 

1 Hill, J. A. Studies on strength and elasticity of the wool fiber, i. The probable error i.f the mean. 
Wyo, Agr. Exp. Sta. jist Ann. Rcpt., 1910/n, Sup., p. 16. 1911- 

* Hill, J. A. The valued fiber-testing machines for measuring the strength and elasticity of wool. Wyo. 
Agr. Exp. Sta. Bui. 92, p. 22. 1912, 
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average breaking stress would lie between 55-994-0.404 „ S5 . 5( » ZT 
and 55.994 + 0-404 - 56.398 dgm. In this case the probable variation 
„( a single fiber would be 12.764— i. e„ we should expect that one-lnlf 
of the fibers would have a breaking stress lying somewhere between 
43.230 and 68.758 dgm. 

At the same time that these observations were taken, a record was 
kept of the ultimate strain of each fiber. But no account was taken of 
the length of each fiber at the time stress was imposed. However, it 
ff as evident that the ultimate strain was very slightly, if at all, a func- 
tion of the breaking stress. 


BREAKING STRESS AND TENSILE STRENGTH 1 

The first work on this project was the determining of the breaking 
stress of the fibers and the probable variation in the same, for the pur- 
pose of getting an average with a probable variation so small that it 
could be disregarded. It was found, however, that the variation was 
too great to give conclusive results even when using as high as 5,000 
fibers per fleece. This was to be expected in part, as to compare wool 
fibers without regard to their sizes does not seem to be practicable. 

It was decided, therefore, that the ultimate breaking stress of the 
fibers was not what was wanted, but rather the quality of the fabric 
woven from the wool. The strength of the fabric defends upon the 
tensile strength of the fibers— i. e., the breaking stress divided bv the 
cross section of the fiber. 

Each fiber of coarse wool has a greater breaking stress than single 
fibers of fine wool, yet a piece of goods made from the fine wool will con- 
tain many more fibers to the yard than one made from the coarse wool' 
thus, the former may make the stronger cloth. It is therefore evident 
that we must know the. cross section of each fiber as well as the breaking 
stress. The results from testing the fibers on this basis is illustrated by 
the following samples of wool: Rarnbouillet No. 6401 — breaking stress, 
49.35 dgm.; tensile strength, 100.988. vShropshire No. 67— breaking 
stress, 140.00 dgm.; tensile strength, 119.886. It will be seen that 
while the ratio of the breaking stress is 1 to 2.83, that of the tensile strength 

1 Explanation of Terms Used: 

r,«iRth (lO-length of fiber tested, in millimeters. 

Diameter (D)= measured on the microscope with a micrometer eyepiece, j unit equal uyi. 

Area 04)= area of cross section of fiber. Formula 

Breaking stress (,S')= force required to break fiber, in decigrams. 

Strain (E)= stretch or elongation oi fiber, in millimeters. 

Tensile strength (TS)= strength per unit area ^ , However, to save time in our ralculation we com- 
puted a value ^- 2 which is the constant ^ XTS . 

Elastic limit (EL)— point at which if more force is applied, Hook's law breaks down. 

Young’s modulus <V)=a formula used for measuring material which is based on Hook s law. 
Stress Z. X S' 

Straia“ a C0T1stan t. Formula, 

Probable variation (PV)—i value which in the 'ong run is greater than the variation of exactly one-half 
the fibers from the mean. 
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is only i to 1.19. Thus, in comparing the breaking stresses we g e t a 
greatly distorted idea of the difference in the strength of the fabric that 
would be manufactured from the wool. 

A large number of tests were then made to determine the tensile 
strength of the fibers. The results are given in Table II. 

Tabu? II .— Results of testing fibers of wool for tensile strength — sheep 6398; sample frm 


Lot of fibers. 

Stress. 

Coefficient of 
variation. 

Tensile 

strength. 

Cocffidento! 

variation. 

I 

j 

First 100 

Amt. 

46. 28 ± 1. S3 

Percent. 

3 - 3 * 

| Dgm. 

74»765 ±2, 146 

Per cent, 

2.65 

Second 100 

44 - 75 i 1 - 36 

2. &2 

75 . 293 ^: 1,573 

2. 09 

1.88 

Third 100 

51. 73*1.19 

2. 30 

7 6 .973 ±MS 3 


This shows an aver- 
age coefficient of varia- 
tion of 2.81 per cent 
for the stress and 2.21 
per cent for the tensile 
strength. 

ELASTIC LIMIT 
However, there are 
other elements that 
are even more im- 
portant than the ten- 
sile strength. We do 
not care so much that 
a fabric shall have a 
high resistance to a 
tearing force as that it 
shall have wearing 
qualities. If we catch 
our clothes on a nail 
and tear them, the 
force exerted is usually 
so great that any slight 
variation in the 
strength of the doth 

__ will make no differ- 

Fig. i.— C urve showing the regularity of stretch and the abrupt break of enCC. YOUng S modu- 
jnerino wool after the elastic limit is passed. X = elastic limit. which is the Stress 

per unit area of cross section divided by the strain per unit length, will 
show the degree with which a fabric will withstand deformation under 
ordinary forces. Thus, we expect to find that when the wool has a high 
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Young’s modulus a fabric manufactured from it will have high resistance 
to deformation of shape. 

Qy what is known as Hook's law, the stress divided by the strain is 
constant to a certain point and from that time on the ratio decreases. 
This point is known as the elastic limit of the substance, and in deter- 
mining Young's modulus we always take the observations before the 
elastic limit is reached. When a force is applied that carries the deforma- 
tion beyond the elastic limit, the wool will not come back to its original 
shape. In fact, this force has begun to tear apart the molecules of the 
fiber, and the wool has become permanently weakened. Thus, a record 
of the elastic limit for the fibers is essential. 



Fig. 2.— Curve showing Young’s modulus ol elasticity of merino wool at different stresses. elastic 
limit. 


Figures 1 and 2 show the curves illustrating the elastic limit. The 
former shows the stretch or strain as force is applied; the latter shows the 
modulus curve. 

Table III gives the variation in the elastic limits for various fibers, 
as obtained from three sheep. 

Table III . — Variation in the elastic limits of wool fibers of three sheep 


Sheep No. 

Column 2. 

Column .1- j 


Dgm. 


81 

42. 90 ±0. 7608 

i7.54iO.232O 

82 j 

! 34 - 95 i • 8768 

17. 54 ± • 2 934 

676 

79. 90±i. 7476 

17. 4 &i . 29 01 
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In column 2 is given the average tension per wool fiber at the time 
passing the elastic limit. In column 3 is given the average tension aUh^ 
time of passing the elastic limit on an area of the wool fiber equivalent 
to the area of cross section of a wool fiber whose diameter is ^ 
first two of these sheep were range-bred merinos and the third was 
pure bred Shropshire. The Shropshire has much coarser wool fibers 1 
consequently the large value in column 2. But, in spite of the differ* 
ence in breed and a large variation in the size of wool fibers between 
Shropshires and merinos when reduced to the tension on equal areas of 
cross section, we find great uniformity for the three sheep. These three 
sheep had received similar care and feed. We should expect a greater 
variation in elastic limit than shown above for sheep of the same breed 
under different conditions as to feed, shelter, etc. 

DESCRIPTION OF TESTING APPARATUS 

The apparatus used in these tests consists of (1) a fiber- testing machine 
devised for the Philadelphia Textile School and (2) a compound micro- 
scope with micrometer eyepiece attached for accurate measuring of the 
diameter of the fibers. 

The following description of the fiber-testing machine is given by 
Matthews 1 (Pi. LVII, fig. 1 and 2). 

The fihre. to be tested is clamped between the jaws at (J), the pointer attached to the 
end of the beam above the upper jaw being brought to the zero-mark on the scale (Si, 
while the lower jaw is raised or lowered in its stand until the desired distance between 
the jaws is obtained. To obtain comparable results this distance should always he 
the same. [We have used 40 mm. for our observations.] The sliding-bar (R) is 
moved forward by turning the rod (T), which moves the rack and pinion at (P), 
until the graduation on the wheel (G) is at zero to the indicator. Under these condi- 
tions there is no strain on the fibre. A stretching force is then placed on the fibre 
by moving the bar (R) backward by turning the rod (T); the motion of this bar is 
made uniform and gradual until the fibre finally breaks under the strain thus placed 
upon it. The graduation on the wheel (G) will then indicate in decigrams the break- 
ing strain of the fibre being tested. The elasticity is obtained by watching carefully 
the pointer moving up the scale of millimeters at (S) until the rupture of the fibre 
takes place; the distance this pointer moves represents the actual stretch of the 
fibre. . . . The weight (W) at the rear end of the beam can be moved backward or 
forward, and is for the purpose of adjusting the balance so that there is no strain at (Jj 
when the indicator (G) marks zero. The wheel (G) is graduated in decigrams, and 
this marks the sensibility of the machine; the total graduations on (G) running from 
zero to 400. When fibres are tested having a greater tensile strength than 400 decigrams 
a fixed additional weight of 10, 25, 50, etc., grams may be hung from (SSI), and this 
must be added to the reading on the wheel when the fibre breaks. If the elasticity 
of the fibre is so great as to carry the pointer beyond the limits of the scale at (S), 
a shorter length of fibre must be tested. 

1 Matthews, }. >1. Op. cit.. p. 272-274, fig, 69. 
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im proved testing apparatus 

Because of the difficulty of making accurate readings on the scale of the 
fiber- testing machine, the following apparatus was devised to be used 
with it: 

(j) An illuminated scale with the lamps inclosed to prevent reflection; 
(2) an optical lever attached to the testing machine; (3) a large plain 
mirror; and (4) a high-power telescope. 

The instruments are so arranged that the illuminated scale, A, is 
thrown onto the optical lever, B, by means of which it is reflected onto 
the mirror, C, from which it is read through the telescope, D {PI. LVII, 

fig- 3 )- 

The telescope magnifies about 28 times, and the distance between the 
scale and the optical lever is such that the total magnification is just 50. 
In this way very accurate readings can be taken. 

To test a fiber, the machine is first balanced so that it is in perfect 
adjustment with the optical lever attached. 'A fiber is then put between 
the jaws of the machine and 10 dgm. of force applied to take out the 
crimp or waviness, making the fiber perfectly tight. A reading is taken 
at this point and again when 15 dgm. of force is applied and again at 
every 5 dgm. additional until the fiber passes the elastic limit. After the 
elastic limit is passed, force is gradually applied until the fiber breaks. 
A portion of it is mounted on a slide and the diameter obtained under 
the microscope by means of a micrometer eyepiece. Young’s modulus 
and tensile strength can then be determined. 

EXPLANATION OF DIAGRAMS 

Mention has been made of the great variation in the fibers taken from 
the same place upon the sheep’s body. By means of figure 3 we can 
express these variations more definitely. If, for example, we are investi- 
gating the tensile strength of fibers, the best value to take would be the 
average of that found for the separate fibers. But, if observations had 
been taken on a hundred fibers, we should not expect that average to be 
the same as for another hundred taken from the same place. It is there- 
fore necessary not only to take the average but the probable variation— 
i. e., an amount such that, if added to and subtracted from, the average 
obtained will give two numbers such that the average for another hundred 
would have even chances of lying between these two numbers. If two 
samples of wool from different places on a sheep, from different sheep, or 
1 from the same place under different treatment have been examine am 
the tensile strength with probable variation determined, we must a\e 
a means of knowing with what certainty we may state that one is strongci 
than the other and by how much. While the fibers which hav e the hig icst 
average will have a probability of being the strongest, that proba 1 it\ 
may be very slight and, in faet, so slight that we !iardl> dare ma r t anv 
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statement as to their relative strength, To give definite information as 
to their relative strength, when the averages and probable variations are 
riven, figure 3 has been devised, from which may be read the percentage 
probability that one lot of fibers is stronger than the other; also, the per- 

<*ntage probability 
that it is stronger by 
any given amount. 

Suppose two sets 
of observations give 
and m 2 ±r 2 
and we wish to show 
the probability that 
the first is greater 
than the second by 
an amount A. Know- 
ing the probable 
variation, r, a curve 
can be drawn whose 
highest ordinate is to 

ftc. 4.— Curve of ordinary probability. The abscissae are taien as a .. ^ . 

variation in strength da given fiber from the mean strength of all the Ordinate Ot any 

fibers and the ordinates are p roportionat to the probability that such point whose abscissa 

a fiber exists. jg % as the number of 

fibers whose strength is the average is to the number of fibers whose 
strength is x more than the average. In this case, we take x to be 
either a positive or a negative number. 



The equation of this curve is 



Figure 4 is an 


illustration of this curve. 

The probability that the actual strength of fibers recorded as w 2 +r 5 


is within dx of m 2 + * is e~ . 

W 

The probability that the strength of fibers given as m 1 ±r l h n^i-x+h 
or just h greater than the other is 


■4769 j _|~ -47<>9 («m- 




Hence, the probability that the fibers given as «i,Tr 2 have a real strength 
»«j+x and the other just k greater is 



And the probability that the former has a strength rru+x and the latter 
a strength at least h greater is 


( 4769 ) 

W 



1,4 
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Now, if we let x take all possible values, we have as the 


VnL iv, Nt| 


probability 


that the group recorded with the strength is at least str 

than the other the double integral * r 

n J 6 L n J dx.dk. 

Designating this probability by p and letting = j 

we shall have the equation 


(• 4769 ) 1 

W 



4769 



e-[^]' e* dx.it. 


Bv breaking this integral into two, we may write our equation as follows: 



The first of these integrals can be evaluated by a well-known method in 
definite integrals. Its value is %. The second integral we shall call 1?. 
Then placing we obtain the following: 


dx.dt 



dq ^ j , 4769)* / 
die v f 


(•47 6 9) 3 I 

— — e riHfj* I 

w J- 




Now, by putting .4769 ^ 1 2 + ~ / shall ^ ave 

\ hh r i^ r i‘ r 2/ 




so q can be taken from this table. Returning to p, we have 

The value of q evidently depends upon the ratio of -k to 
Taking these two values as the ordinate and the abscissa of a point, it is 
evident that all points on a straight line passing through the origin of 
coordinates would give the same value p. Given p, we may determine 
the slope of the line corresponding to the given value of p. On a sheet 
of cross-section paper (fig. 3) lines have been drawn corresponding to 
certain values of p. 

As an example of the use of this diagram, observations on two sets of 
wool gave as their tensile strengths the following results: (a) ioi,i8o±- 
2,219 and (6) 75 , 293 ±i >573 P er S T mm - w, -^=25,887 

(2,219)*+ (1,573)** 2,719.05. Taking each of the smallest 
divisions as 200, we see that the chances are more than 9,999 out of 10,000 
that the fibers in group a are the stronger. Now, taking h successively 
as 5,000, 10,000, 15,000, 20,000, and 25,000, we shall have the quantity 
taking successively the values 20,887, I 5>S87, 10,887, 5,887, 
and 887. Taking each of the smallest divisions as 100, we see that the 
chances are more than 9,999 out of 10,000 that group a is at least 10,000 
dgm. per sq. mm. stronger than b. The chances are practically 995 


out of 1,000 that group a is at least 15,000 dgm. per sq. mm. stronger 
than b. The chances are 92 out of 100 that group a is at least 20,000 
dgm. per sq. mm. stronger than b and 6 out of 10 that it is at least 25,000 
dgm. per sq. mm. stronger than b. Reading these facts in another way, 
we may state with the probability of being correct 60 per cent of Lhc 
time that the fibers of group a are at least 25,000 dgm. per sq. mm. 
stronger than those of group b] 70 per cent of the time that group a 
is at least 23,700 dgm. per sq. mm. stronger than group 6; 75 per cent 
of the time that group a is at least 23,150 dgm. per sq. nun. stronger than 
group 6; 80 per cent of the time, that group a is at least 22,500 dgm. 
per sq. mm. stronger than group b ; 85 per cent of the time that group a 
is at least 21,750 dgm. per sq. mm. stronger than group b; 90 per cent 
of the time that group a is at least 20,700 dgm. per sq. mm. stronger than 
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group b ; 95 per cent of the time that group a is at least i 9)250 ^ 
per sq. mm. stronger than group 6; 99 per cent of the time that vt ^ 
is at least 15,700 dgm. per sq. mm. stronger than group 6; 99.9 p er ^ 
of the time that group a is at least 13,500 dgm. per sq. mm. stronger than 
group b and 99.99 per cent of the time that group a is at least n,ooodgm 
per sq. mm. stronger than group b. We thus read immediately the 
degree of accuracy to which any measurement is entitled. 

As a further illustration, a series of tests were taken on the breakii 
stresses, diameters, tensile strengths, Young’s moduli, and elastic limits 
of the fibers of samples of wool clipped from the same sheep in successive 
years, to determine the effect of the age of the sheep on the wool. Taking 
two of these elements — namely, the breaking stress and elastic limit— 
it may be shown how accurately we may state the probable tendency 
of change from year to year (Table IV). 


Table IV . — Probable change in the breaking stress and the elastic limit of fibers of wool 


Clip. 


1908 

1909 

1910 

1911 

1912 

1913 

a Increase. 


Observed. 

Probability 

Observed. 

Breaking stress. 

JrJ + r ? 

in breaking 
stress. 

Elastic limit. 


Dgm. 



Dgm. 


64. 22 ± I. 428 

} i -95 

a 68 

18. 44 ±0.2347 

} °- 3 6 

62. 91 ±1.325 

J 

1 


18. 8l ± . 2832 

\ 


\ 1-74 

•79 1 


/ ' 37 

60. 81 ±r. 1286 

1 


l8. 64 ± . 2698 



[ *• S3 

•9999 


} -43 

52. 03 ±1,0792 

1 


16. 6l ± . 3263 

1 


f 1,7 

0. 9999 


/ • 43 

68. 12 ± t . 3871 ; 

J 


l6. 91 ± . 2556 


52. 26 ±1.248 ! 

1 

} 1.84 

•9999 

13 - 39 ± • 2954 

} .38 


Probability 
of decrease 
in elastic 
limit. 


a O.87 
.9998 

■ s* 

a . 69 
•9999 


Table shows that in case of the breaking stress the chances are 
approximately 2 to 1 and 3 to 1 that there was a decrease in the breaking 
stress from the first to the second and from the second to the third year, 
respectively, and does jiot permit us to make a decided statement that 
there was a decrease those two years. On the other hand, the chances are 
better than 10,000 to 1 that from the third to the fourth year and from the 
fifth to the sixth year there was a decrease as well as from the fourth to 
the fifth there was an increase in breaking stress. Likewise, we are 
practically certain that there was a decrease in tensile strength from the 
second to the third and from the fifth to the sixth years, while in the case 
of other years the probability is not great enough to justify any very 
decided statement. 




PLATE LVTI 

Fig. i.— Diagrammatic drawing of the fiber-testing machine of the Philadelphia 
Textile School. “ J, Jaws with screw clamps for holding the fiber; the lower jaw 
may be raised or lowered; R, sliding rod working on a rack and pinion; this takes the 
place of weights; C, wheel graduated on its face in decigrams, moving on the same 
axis as the pinion for sliding the weight; T, thumbscrew for turning the small shaft 
working the pinion at P; IV, counterbalancing weight for regulating the zero point 
of the machine; 5 , scale for reading the sketch of the fiber.” (From Matthews’ The 
Textile Fibres.) 

Fig. 2. — Fiber-testing machine removed from its case. 

Fig. 3. — Diagram showing the arrangement of the wool-testing apparatus at the 
Montana Agricultural Experiment Station. 








INFLUENCE of hybridization AND CROSS-POLLINA- 
TION ON THE WATER REQUIREMP^NT OF PLANTS 

B lyman J. Briggs, Biophysicist in Charge, Biophysical Investigations, and H. L. 

SBASiz, Pbmt Physiologist, Alkali and Drought Resistant Plant Investigations, 

bureau of Plant Industry 

INTRODUCTION 

In breeding plants for drought resistance it is desirable to know 
whether the water requirement of the hybrid progeny bears a definite 
relationship to the water requirement of its parents. That hybridization 
niav result in increased drought resistance is indicated by the work of 
Collins , 1 who observed that certain first-generation hybrids of maize 
suffered less from drought than the parents grown under the same con- 
ditions. The behavior of these hybrids suggests that they may be 
exceptionally efficient in the use of water, a point of practical importance 
in connection with drought resistance. This -consideration, combined 
with the fact that water-requirement measurements constitute a physio- 
logical expression of the effects of hybridization, led the writers to measure 
the water requirement of a number of hybrids and their parents, the 
subject being one which has not heretofore been quantitatively investi- 
gated. These measurements, which were conducted at Akron, Colo., 
were made possible through the courtesy of Mr. G. N. Collins, of the 
Office of Crop Acclimatization and Adaptation Investigations, Bureau of 
Plant Industry, who supplied seed of a number of first-generation hybrids 
of maize and their parent strains. Mr. J. H. Parker, of the Office of 
Cereal Investigations, Bureau of Plant Industry, also kindly furnished 
seed of a hybrid strain of wheat and its parent strains. 

The term “water requirement” is here used to designate the ratio of 
the total weight of water absorbed by the plant during its growth to the 
total dry matter produced, excluding the roots. The plants were 
grown in large iron pots of a type already described . 2 To exclude rain- 
fall and prevent evaporation from the soil as far as possible, each pot 
was provided with a tight-fitting cover having openings for the plants, 
the annular space between the stalk and the cover being closed with a 
plastic wax. The plants made a normal growth, as reference to Plate 
LVIII will show. 

1 Collins, G. N. The value of first-generation hybrids in com. U. S. Dept. A gr. Bur. Plant Indus. Bui. 
ss'.p. 3 =- . . , . f , . 

* Briggs, K J., and Shantz, H. L. The water requirement d plants. I.-Investigations in the »r 
1 'lainsin 1910 and 1911. U. S. Dept. Agr. Bur. Plant Indus. Bui. 284, p. 9- T 9 tv 
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MAIZE HYBRIDS 


In order to make a satisfactory comparison of the water require^ 
of a hybrid with that of its parents, it is necessary to have the pl^ 
growing under as nearly identical conditions as possible. Each deter, 
mination includes, therefore, the measurement not only of the water re- 
quirement of the hybrid but of each parent as well. The work can of 
course, be lessened somewhat by the employment of the same parent in 
more than one combination when such material is available. 

The maize hybrids grown in 1912 and 1913 were all from the same 
female parent, a Chinese type. 1 This is a peculiar com with a waxy 
endosperm, received by the Office of Foreign Seed and Plant Introduc- 
tion, Bureau of Plant Industry, from Shanghai, China. Its water 
requirement compared with other varieties of maize is relatively high, 
Various hybrids of this variety were used each year, so that the water 
requirement of the China type was measured three years in succession. 
It will be seen that its water requirement in 1913 was much higher than 
during the two other years. Eleven other species of plants grown at 
Akron during 1912 and 1913 showed a similar increase in water require- 
ment in 1913, attributable to climatic differences in the two seasons. 5 * * * * 
The variation in water requirement with different seasons does not enter 
into the present discussion, since only strains that were grown together 
during the same season are compared. 

Of the other varieties tested, Laguna is a Mexican variety grown 
extensively in Texas, where it has a reputation for drought resistance. 
Esperanza is a hairy Mexican variety {Zea hirta Bonifous) introduced by 
the Office of Crop Acclimatization and Adaptation Investigations. Hopi 
is a dwarf variety grown by the Hopi Indians of Arizona, and Pima is a 
soft com grown by the Pima Indians at Sacaton, Ariz. Algeria is a 
slate-colored pop com the seed of which was imported from Algeria but 
which came originally from Morocco. 5 Joaquin is an American soft com 
from Bradford Island, San Joaquin River, Cal. Budapest is a Hungar- 
ian variety of pop com. 

The results of the water-requirement measurements for the individual 
pots are given in Table I, together with the mean for each series. Six 
pots were employed in each series in 1912 4 and 1913 and five pots in 
1914, which affords a basis for computing the probable error of the mean 
value obtained. 


1 CoUins, G. N, A new type of Indian corn from China. U. S. Dept. Agr. Bur. Plant Indus- Bui. 

30 p., a pi. 1909. . 

2 Briggs, L. J. p and Sbaatz, H. B. Relative water requirement of plants. In Jour. Agr. Researc . ■ 3- 

5 Collins? G. N. The value of first-generation hybrids of com. U. S. Dept. Agr. Bur. Plant Indus. Bui. 

I9I, p. *S- W 10 ' . . rr c JJmt. 

and Kenipton, J. H. Effects of cross-pollination on the size of seed in maize. 

Agr. Bur. Plant Indus. Circ. 124, p. 10. 1913. 

1 With the exception of the Esperanza series, which included only 4 pots. 
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Table l.- Water requirement of first-generation hybrids of corn and their parent strains 
at Akron, Colo., in igiz, ZQI3, and igig 


plant and period of growth. 


Laguna (Zea mays), July 2 to | 
Sept. 26 


China X Laguna ( Zea mays), June 
12 to Sept. 26 


China ( Zea mays), June 12 to j 
Sept. 26 


China XEsperanza (Zea mays), June 
12 to Sept. 26 


Esperanza (Zea mays), June 12 to 
Sept. 26 


Nu. 

Dry matter . 

Water, 

Water require- 
ment based oa 
dry matter. 





289 

376.6 

112 . 4 

29 S 

290 

261 . 2 

85.8 


291 

268 . 9 

84 . 0 

3 : 3 

292 

448 . I 

124.4 

278 

2 93 

457-4 

127.8 

279 

294 

429.2 

119.4 

278 


3 74 ±27 






271 

790 - 5 

224.9 

284 

272 

500. 8 

152.2 

304 

273 

514.0 

143.6 

283 

274 

615.0 

179.2 

2 gt 

275 

5 / 1-5 

172.8 

302 

276 

690 . a 

i 8 7 -S 

272 


6 i 4 ± 3 2 






265 

243-5 

84.3 

346 

266 

| 577 -Q 

184. 6 

520 

267 

3 i 9 -o 

97- 1 

304 

268 

! 5 2 4 - 5 

I 73 - 9 

33 1 

269 j 

I 660. 9 

179 . 6 

272 

270 

401 - 5 

126. 1 

314 


454 ±44 

1 

3 [ 5±7 



259 

634. 6 

151 . 2 

238 

260 

638. 4 

16 1 . 3 

253 

261 

582.8 

149.8 

257 

262 

5 i> 5 

I 3 .v 0 

258 

263 

5 S. 1 . 7 ! 

146 . 5 

251 

264 

764. 0 

186. 1 

244 


i 6 i 8±22 


230±2 




301 j 

• 192 . ,3 

II 4-3 ! 

232 

302 

574 - 7 

133 . 7 

233 

303 

5^-7 

141 . 7 

252 

3°4 

i 510.7 

122 . 7 

240 


<; 36 ±i; ! 


239 -i - 3 





Hopi (Zea mays), June 14 to Sept. t6 . | 


Mean. 


313 ! 

346- 7 

314 ! 

400. 0 

315 : 

4/2-5 

316 ' 

417. I 

317 

405- 3 

318 : 

619. 6 


444 ±2 


118.8 
it!,. 8 
170. 2 
147.0 
1:6,3. 4 
185. 4 


343 

340 

360 

35 2 

4C3 


350±8 


96502°-15 2 
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Table I . — Water requirement of first-generation hybrids of corn and their t 
at Akron, Colo., in 1912, igij, and 1914 — 1 Continued 1 


Plant and period of growth. 


HopiX China (Zea mays), June 7 to 
&pt. 16 


China ( Zea mays), June 7 to Sept. 16. j 


China (Zea mays ) X Teosinte (Eu- 
chlaenamexicana),Jvine: 7 to Sept. 
16 


Teosinte, Durango (Euchlaena mexi- 
cana), June 14 to Sept. 16 


Algeria ( Zea mays), June 3 to Aug 31 . !< 


Algeria X China (Zea mays), June 3 
to Aug. 31 


243 5 T 5 

244 474 

245 5 2 4 

246 573 

247 477 



m . A w Hybridization and Water Requirement , 

T «il! requinment of first-generation hybrid, of rare and their harm i • 

W at Akron, Colo ., .» i 5 / 2 , /pi* -Continued P 


plant and period of growth. 

1914. 

Chba {Zea mays), June 3 to Aug. 31. . 


... . Vaicr require- 

uaicr. mem hjstvl on 


Joaquin ( Zea mays), June 3 to Aug. 


Budapest X Joaquin ( Zea mays), 
June 3 to Aug. 31 


Budapest ( Zea mays), June 3 to 
Sept. 1 


Budapest X Pima ( Zea mays), June 
3 to Sept. 1 


Pima ( Zea mays), June 3 to Sept. 


Joaquin X Pima ( Zea mays), June • 
to Sept. 1 



Kg. | 


401- 3 

149.2 | 

572 

313-9 

IO4.2 

V -,2 

394*7 

130. 9 


406. 7 

130. 1 

320 

419-3 

143 - 1 

541 

3S7 i 12 

338+6 

343-3 

140. 7 

410 

287. Q 

9 i -3 1 

318 

"96-3 

35- t : 

364 

: 201. 7 

74 - 7 : 

370 

! 301. 0 

1 13. 6 ! 

57S 

! 283^17 


568 + 9 

i 410. 3 

142.4 

547 

■ 4 .v 3 ‘ 5 

159 - 4 


j 382.7 

148.9 

389 

1 35 8 -o 

131. 8 

368 

; 388.4 

* 43 - t 

369 

! 399 + 11 






42;.5 

T50. 2 


1 398-3 

134 - 4 


45 1 - 7 

T50. 8 


, 379-7 

T 33 - 2 

3 5 1 

396. 7 

+ 39 - 3 

35 T 

4IlilO 


345 ±4 

! 368-4 

3 37 - 4 

373 

i 564-8 

249. 8 

411 

I 362. 6 

144. 1 

398 

i 364- 2 

138. 4 

580 

! 348-5 

T32. 8 

3S1 

. i 362 + 2 


389+5 




. 35 °- 7 

134.0 

382 

345 - 0 

132.0 

385 

375 - 3 

123.2 

328 

335 - 2 

1 20. 5 

360 

402. 3 

149. 6 

372 

rZ(~ Q 


! 365^7 

j j-y 

.1 


| 5 {, 5 - 5 

IS 1 - 4 

414 

! 38s. 9 

i 161. 2 

4*5 

- i 35 2 - 0 

! 126. 8 

560 

8 2 4*9 

j 121.3 

374 

435-3 

165.2 

381 


i 

389+9 

■j O/J “*0 

! 



Omitted in calculating the mean. 
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The results are summarized in Table II, the female parent being rj v 
first in each instance. In this table is included also the average wate 
requirement of the two parents, together with the ratio of the water 
requirement of the hybrid to that of the parental mean. The. divergence 
of the parents — i. e,, the ratio of their water requirements — is a i so g- v ^ 
in the last column of the table. 


Table II . — Water requirement of hybrid and parent strains of com 



Water requirement based o 

n dry matter. 

Ratio of 1 
hybrid to 
parental meau. ! 

Year and parent strain. 

Parent strain. 

Hybrid. 




1C 


Observed. Mean. 

J Observed, j 

a+b | 

| 


1912. 

China 

Lacuna 

China 

Esperan2a 


1913- 

China 

Hopi 

China 

Teosinte 


1914. 

Algeria 

China 

Budapest 

Joaquin 

Budapest 

Pima 

Joaquin 

Pima 


3*5*7 

295±6 

\ 3°S±5 

289 ±4 

o-9S±. 02 

1.0* 

3*5*7 
239 ±3 

| 2/7*4 

250±2 

• 90.4. or 


4*5*4 

35°** 

} 3*3*5 

345*3 

.90*- 02 

I, V) 

4*5*4 
390± 11 

J 403 ±6 

37 6 *4 

.93*. 02 

1.0; 

33* ±4 
33**6 

} 335*4 

347*5 

1. 04±. 02 

I. 02 

345*4 

368*9 

i} 357*5 

365*4 

T.. 02 ±. 02 

3. O; 

345*4 

365*7 

i} 355*4 

3*9*5 

I. ia±. 02 

: I.06 

1 *2* OS 

1 o-i OC 

| tt-hh 

1 

!} 367±6 

389*9! 1. 06 i. 03 

I. 01 


Reference to Table II will show that the parents of the hybrids grown 
in 1912 and 1913 differed in water requirement much more than the 
parent strains employed in 19x4. Each first-generation hybrid of maize, 
grown during the first two years gave a water requirement ranging from 
5 to 10 per cent below the mean of its parents. All the maize hybrids 
grown in 1914 gave a water requirement from 2 to 10 per cent above the 
mean of the parents. The results of the third year are therefore opposed 
in direction to those obtained during the first two years. 

The parents of the hybrids used in 1912 and 1913 also showed much 
greater divergence in water requirement than those employed in the 19x4 
measurements. The question therefore arises as to whether the diver- 
gence of the parents may not be a factor in determining the relation of 
the water requirement of the hybrid to the parental mean. 
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If we represent the water requirement of the less efficient parent by a, 
te m ore efficient parent by 6, and the hybrid by c, then the divergence 
0 f the parents may be represented by the ratio and the divergence of the 
hybrid from the mean of its parents by the ratio These ratios are 

^ven in Table II. Plotting these values for the eight hybrids under 
discussion, we obtain a graph of the form given in figure i. This graph 



Fjg. i — Craph showing relation between the paremaldivcrgcncc Q j and the hybrid divergence from 
the parental mean . where «= water requirement of less cfficiiut parent; 6- water requirement 

ol more efficient parent; c — water requirement, of hybrid. 


indicates a correlation between the divergence of the parents and the 
divergence of the water requirement of the hybrid from the parental 
mean. There are two outstanding points on this graph, both associated 
with Budapest pop corn, which in both hybrids is the more efficient parent. 
If the water requirement of Budapest variety were slightly increased, the 
points would tend to approach the graph. On the other hand, four of the 
eight hybrids under consideration have approximately the same parental 
wean. Therefore, while the data indicate the existence of a relationship 
between parental divergence and hybrid divergence, this relationship 
can be expressed quantitatively only by the use of statistical methods 
which require many more measurements than are now available and more 
than the practical importance of the subject would justify at this time. 
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The mean ratio of the water requirement of each hybrid to the average 
water requirement of its parents is o.99±o.oi. The probable error here 
refers to the uncertainty of the individual ratios. In using the data as a 
basis for predicting the probable departure of a hybrid from this ratio, ih e 
observed departures must be considered— i. e., the probable error of a 
single determination must be computed, which is found in this case to be 
±0.06. In other words, according to the data at hand, the chances are 
that the water requirement of a hybrid will not depart from the mean 
of its parents by more than 6 per cent. 

The relative amount of dry matter produced by hybrids and parents 
is a point of interest in connection with the relative water requirement. 1 
In 1912 and 1913 the hybrids produced from 20 to 50 per cent more drv 
matter than the mean production of the parent strains (Table III). j ri 
1914 three of the hybrids showed an increase in dry matter compared with 
the parental mean, and one showed a decrease. An analysis of the indi- 
vidual pot yields for both parents and hybrids shows that the pots giving 
the greatest weight of dry matter usually have a water requirement below 
the mean of the strain. The greater vegetative vigor of the maize hybrids 
may therefore be correlated to some extent with the observed reduction 
in the water requirement below the parental mean. 

Tabu! III . — Dry matter produced by hybrid and parent strains of corn 

- j— 

Mean dry matter. 

j j Ratio of 

Year and parent Strain. • Parent strain. Hybrid. parmf uT 

J mean, 

' Observed. Mean. Observed. 


China 454 -j 

Laguna 

China 454 ±44 

Esperanza 53^± J 7 

^913- 

China 

Hopi. ! 444 ± 2 * 

China j 5 21 ' " 

Teosinte 

I 9 I 4- 

Algeria 4 T 7± 2 ° 

China ; 3 8 7±” 

Budapest 

Joaquin 2831 b 17 

Budapest 4 ir±ro 

Pima 361 ± r 

Joaquin 28 3 ± 

Pima 

1 Collins has called attention to the marked increase in yield often noted 

maize. (Collins, G. N. Thcvslue of first-generation hybrids in corn. U, S. Dept. Ag . 

Bui. 191 , p. 31 . 1910 -) 


454-1 44 ] 
374 ± 2 7 / 

■ 4‘4± 26 . 

6 i 4±33 [ 

I. 4S JL. 12 

454 ±44 \ 
53 6 ±*7 • J 

- 495 ± 2 4 • 

6i 8±22 i 

1. 25±.oS 

5 2I ± r 3 '] 
444± 2 7 jj 

► 483 ±15 j 

7 2 3±5 

i- 5°±- °5 

521 ±M n 
547 ± 21 J 

[ 534±'3 j 

641 ±17 | 

3. 20±. 04 

4T7±20 .1 
387 ±12 ij 

[ 402±I2 | 

?I2±I5 1 

I. 2-±.0> 

411.L10 : 

283 ± r 7 J 

[ 347 ± ro . 

399 in ; 

1. 15±-°S 

4ll±ro ; 
3^i±9 j 

[386*7 ; 

3 62±2 ; 

■ 94 ±- 02 

283 ±17 
3 6i ±9 . 

[ 322 ±10 , 

373 ± x 3 ; 

1. 16 =. 05 
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Tbe data presented indicate, so far as they are representative of first- 
neration ma ize hybrids as a class, that striking differences between 
the water requirement of hybrids and the mean water requirement of the 
two parents are not to be expected. The greatest observed departure 
of the hybrid from the parental mean was ± 10 per cent, and, according 
to the available measurements, the. chances are even that first -generation 
maize hybrids will not depart more than ± 6 per cent from the parental 
mean. This departure, moreover, may take place in either direction— 
j e „ the hybrid may resemble either parent as regards efficiency in the 
use of water. 

In investigations of this kind more extensive measurements are alwavs 
desired, both by the reader and the author. To determine with more 
precision the correlation between hybrids and parents as regards water 
requirement would necessitate a sufficiently large number of determina- 
tions to justify the use of statistical methods. The expense and labor 
involved in such measurements is great, each determination necessitating 
the care of from 15 to 18 pots of plants throughout the growing season. 
Since the results already obtained indicate that hybrids depart but 
slightly from the mean water requirement of their parents, more extended 
determinations are not believed to be justified at the. present time. 

WHEAT HYBRID 

The wheat hybrid used was a cross between Triticim durum and 
Triticum aestnum. This hybrid strain has been grown for some genera- 
tions and shows no increase in vegetative vigor as compared with the 
parent strains. The dry matter produced was practically uniform for 
parents and hybrid, but the grain yield of the hybrid was below its par- 
ents, and this further increases the water requirement of the hybrid 
when based on grain production. 

Reference to Table IV will show that the water requirement of the 
hybrid is decidedly above both parents (14 ± 1 per cent above the paren- 
tal mean) . 


Tabi.H IV. — I Voter requirement of parent and hybrid strains of wheat, in T.JI 4 


Plant and period of gruwlh. 

Pot No. 

Dry matter. ! Grain. , 

, 

Water. \ Gram, 

: 

Water renuiriments 
based on— 

Grain. ; Dry matter. 

i, 33 ° ’ ^ 

1.406 . 536 

1,300 -177 

r, 367 5 ° 8 

1,309 ; 477 

1. 148 ; 434 

1 , 3103 : 21 ! 4g6±io 

Wheat, Iutnillo, C. I. 
1736 (Triticum du- 
Mttil, May 23 to 
Aug. 11. 

Mean 

f ^ ! 

1 6g 

j| "° 1 

Cm. Cm. 

209. 7 83- 0 

240. 7 91 7 

252. 5 92. 7 

265. 7 9 & 6 

i 262. 3 9 . 3 - 5 

334 - 8 132- 1 

I 26 i ±9 1 

Kg. 
IIO. 4 
129. 0 
120. 5 
134 - 8 
12 5. 0 
151.8 

P.<t. 

39 

3 8 
37 
37 

36 

39 



' 7 1 
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Table IV . — Water requirement of parent and hybrid strains of wheat in fpi^—Contd 


Plant and period oi growth. 

Pot No. 

Dry matter. 

Grain. 

Water, 

Grain. 

Water requirements 

based on— 







Grain. 

Dry matter. 

Wheat, I u m i 1 1 0 X 
Preston, May ig to 
Aug. 1. 

f ” 

74 

75 

I 76 

77 

l 78 

Gm. 

283. 6 
302. 2 
2 53 - 6 
225.8 
226. 6 
235-9 

Gm. 

75 - 0 
91. 2 

72. 1 
65.6 
67-5 

70.2 

Kg. 
162.3 
172. 6 
147.6 
I2 7 - 9 
129. 6 
136. 6 

P. Ct. 
26 
30 

28 

29 
29 
29 

2, 162 

J .*95 ‘ 

2,050 

1,948 

1, 921 

947 

572 

571 

S83 

567 

572 

580 



255 ±13 




L 987 ±31 

574+2 






Wheat, Preston, C. I. 
3328 ( Triticum aes- 
tivum), May 23 to 
Aug. 3. 

f 79 
80 

I 81 

82 

83 
l 84 

237-4 

261. 3 

281. 4 
215. 8 
249 - 2 
224- 3 

78.4 
Si. I 
94 - 7 
75 - 5 
87. 0 
79-4 

118. 0 
132.9 
1 47- 8 
no. 7 
129. 6 
in. 7 ' 

33 
3 * 

34 

35 
35 
35 

L 5 ° 5 
1,638 
1,561 

1,466 

1,490 

1,407 

497 

508 

3 2 5 

5i4 

520 

498 



245 ± 10 




1, S rI ±22 

5 IO ±3 







EFFECT OF SELF- AND CROSS-POLLINATION 

In addition to the maize hybrids Mr. Collins also supplied self -pollinated 
seed of two individuals, together with cross-pollinated seed from the same 
individuals. The cross-pollinated plants in this case represent pure seed 
of the selected strain. Reference to Tabic V will show that in one 
instance self-pollination produced no measurable change in the water 
requirement, while in the other instance an increase in water requirement 
of 4±i per cent was observed. The plants from the cross-pollinated 
seed also gave a higher yield of dry matter. The effect of cross-pollina- 
tion between individuals is, in this instance at least, quite similar to 
results produced by the cross-pollination of different strains, so far as 
water requirement and yield are concerned. 


TABLE V . — Effect of self- and cross-pollination on the water requirement oj corn in 1914 


Plant and period of growth. 

Pot No. 

Dry matter. 

Water. 

Water re- 
quirement 
based on 
dry matter. 

Com, German, C24-1 ( Zea mays), June 3 
to Sept. 1. 

f 223 
224 

I 225 
226 
l 227 

Gm. 

354 - 4 
296. 7 
333-2 
306.4 
3 I 7'4 

Kg. 
135-4 
107. 5 ! 
129. 8 
122. 4 
125. 1 

382 

3 6 3 

39 ° 

399 

394 

M 


322±8 


386+3 
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TaBlS V. —Effect of self- and cross-pollination on the uakr requirement of c 
J IQ14 — Continued 


Plant and period of growth. 

Put No. 

Dry matter. 

Water. 

Water to 
quirfmt'nt 
based un 

dry matter. 

Com, German, C24-1X2 { Zea mays), June 3 
to Sept. 1. 

228 

22g 

230 

231 

232 

Gtn. 
419.0 
432-4 
362. 2 
357 - 0 
379 - S 

K V . 
155-6 
158.2 
136- 3 
133 - 7 

140.4 

3/2 

366 

376 

375 

370 


372 ±1 

1 

Com, German, C24-2 (Zea mays), June 3 
to Aug. 31. 

Vnotl 

[ 233 

234 

1 235 

236 

1 237 

143. 8 
148. 2 
150. 0 
* 39-9 
123.2 

374 - 6 

407- s 

399-8 

379-7 

335-0 

364 

3/6 

368 

368 

! ' 379±9 

1 

372±2 

i 



CONCLUSIONS 


Eight first-generation hybrids of maize and one wheat hybrid, together 
with their parent strains, were included in water-requirement measure- 
ments at Akron, Colo., from 1912 to 1914. The hybrids ranged in water 
requirement from 10 per cent below to 10 per cent above the. parental 
mean. On the basis of the results so far obtained, the chances are even 
that a maize hybrid will not depart in its water requirement more than 
±6 per cent from the parental mean. 

Cross-pollination between individual plants of maize leads to results 
similar to hybridization of different strains, so far as water requirement 
and yield are concerned. 

A wheat hybrid which had been grown for several generations gave a 
water requirement 14 per cent above the mean water requirement of the 
parental strains. 



PLATH LVIII 

First-generation hybrids and parents used in 19 12 experiments. The lower leaves of 
some of these varieties had already matured at the time the photographs were taken 
and had been picked and placed in the bags attached to the pots. 

Pig x — laguna com (pots 289-294), grown July 2 to September 26, 1912. Photo- 
graphed on September 9, 1912. Water requirement, 295^6. 

Fig. 2 — Esperanza com (pots 301-304), grown June 12 to September 26, 1912. Pho- 
tographed on September 7, 1912. Water requirement, 239 ±3. 

pig. 3.— China com (pots 265-270), grown June 12 to September 26, 1912. Photo- 
graphed on September 9, 1912. Water requirement 315 ±7. 

Fig. 4.— Hybrid China X Uguna com (pots 271-276), grown June 12 to September 
26, 191 2 . Photographed on September 9,1912. Water requirement 289 ± 4 . 

Fig 5 —Hybrid China X Esperanza com (pots 259-^264), grown June 12 to Septem- 
ber 26, 1912. Photographed on September 7, 1912. Water requirement, 2$o±2. 

(402) 





FURTHER studies of the embryology of 
TOXO mM GMMKUM 

By W. ]. Philups, 

Entomological Awistoni, Cereal and Forage Insect Investigations, 

Bureau of Entomology 

In 1912 the writer, as junior author, 1 gave in a general way an account 
of the development of the winter egg of ToxopU'ra graminum Rondani. 
This is the first time in this country that the development of the winter 
ecr g 0 f any species of Aphididae has been followed out beyond the earlv 
stages- it was recognized at the time that there was a wide gap in the 
continuity of the study of this development, which was not represented 
bv the material then at hand. This paper is intended to supply briefly 
this missing link. 

A few eggs were collected in the fall of 1911 and the development was 
watched carefully in the spring of 1912. This material gave positive 
evidence that several links were missing in the data previously obtained. 
Bulletin no of the Bureau of Entomology was then in press, and it was 
too late to do more than indicate where the additional data belonged. 
As the amount of material obtained in 1911 was rather limited, a large 
number of eggs were collected in the fall of 1912 for further study. As 
previously stated, 2 no attempt has been made to treat the subject exhaust* 
ively, only the main points in the development being considered. 

The same methods of fixation, staining, etc., described in the previous 
paper 3 were employed. 

Turning to Plate VII of Bulletin no, one will readily see that the gap 
previously referred to occurs between figures 1 and 2, where the polar 
organ is entirely lost track of after figure 1. It is also at this point in 
the development of the embryo that the revolution occurs; hence, theie 
is not a single figure in the first publication to illustrate the revolution 
of the embryo and the fate of the polar organ. 

The polar organ is a unique, newly discovered body, since, so far as 
the author's information goes, no other observer has heretofore iigured 
any such bodv; and, while it was exceedingly unfortunate that figures 
illustrating its fate and the revolution of the embryo could not then be 
supplied, this serious defect is now eliminated. In view of the neus 
sarilv incomplete Plate VII of Bulletin no, it has been thought best to 
make an entirely new scries of figures covering the same, period of devel- 
opment as that covered by Pla te VII, drawn from a^smcsofsccliu^. 

! Webster. F. M. . and Phillips. W. J . The spring grain aphis or “green bug U\ S l*P l - Agr ’ Buf ' 
Ent. Bui. no. 153 p., 4& fig.. 4 diagr.. 9 pi. i9«- 
p. 94. 

3 Id-. P- 93- _ . 
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all of which were cut at the same angle, in this way rendering the con 
tinuily more uniform and more easily apparent. The. following discus 
sion chiefly relates to the revolution of the embryo, which for reasons 
already given it was impossible to include in the previous publication 

As the embryo starts from the yolk it approaches the posterior pole 
of the egg until the amnion in the dorso-cephalic region comes in contact 
with the serosa, as shown in Plate LIX, figure ) , of this paper. These 
membranes then unite and the embryo moves forward slightly, as in 
Plate VII, figure 2. 1 

When the amnion and serosa are in contact, the central cavity of the 
polar organ still opens upon the surface of the egg. This cavity is filled 
with some substance that does not take the stains so far used. It is at 
this time that it is very difficult to remove the shell without also removing 
the contents of the cavity en masse, as they appear to adhere to the 
shell. In later stages the cavity is empty and has no opening upon the 
surface of the egg. From this it would appear that the polar organ does 
act in an excretory capacity and that its entire contents are eliminated 
when the embryo begins its revolution, and that it ceases to function 
after this time. 

Figure 3 (PI. LIX) is slightly more advanced, and it is very apparent 
that the embryo is starting its revolution. The greater portion of the 
yolk has now collected at. the opposite pole of the egg, and the mesenteron 
is complete throughout. 

Figures 4 and 5 (PI. LIX) represent the embryo much crumpled and 
folded upon itself in the act of making its revolution, occupying the 
entire posterior part of the egg, the yolk having collected in the anterior 
region. The polar organ is migrating backward. Figure 6 (Pi. UX) 
illustrates the embryo after the turn is completed, and the polar organ 
is on the opposite side of the egg. It will be noted in this figure that 
the cells are crowding together anterior to the polar organ. 

Development from figures 1 to 6 (PI. LIX) progresses very rapidly, so 
much of the revolution being accomplished in a few hours. To obtain 
these stages it was necessary to fix and examine large numbers of eggs 
every few hours. 

Figures 1 to 3, Plate LX, show more advanced stages of the revolution 
of the embryo and are especially interesting from the fact that they 
illustrate the fate of the polar organ. It is very apparent that it merges 
with and loses its identity in the large mass of cells that accumulate in 
the cephalic region after the revolution of the embryo, which later forms 
the dorsal organ. 

Figures 4 to 6, Plate LX, represent the fate of the dorsal organ after 
its previous fusion with the polar organ. Under favorable weather 
conditions the insect will hatch very soon after this point, in the develop- 
ment has been reached. 

1 Plate VII, figure i, of U. S. Dept. Agr. Bur. Ent. Bui. no is probably a little misleading. in thst ' l 
'would appear as though the serosa and amnion came in contact in the region of the ventral part o( e 
head, which is not true. 




PLATE TJX 
Toxopkra graminum: 

Fig. 1-3. — Sagittal sections. Embryo starting revolution, 
of the polar organ, shown at />. 0. X 83* 

Fig. 4-6 . — Sagittal sections. Embryo making revolution, 
at p. o., migrating backward. X 83. 


Note changing position 
Note polar organ, shown 





PLATE LX 
Toxopkm oramimm: 

Fig. 1-3. — Sagittal sections. Revolution is almost complete and shows fate of the 
polar organ, p, 0 . X 83. 

Fig. 4-6.— Sagittal sections, d. 0., Dorsal organ. X 83. 




PRlCKXY-rEARS AS A FEED FOR DAIRY COWS 

3vT- E- Woodward, Dairy Husbandman, and W. V. Turner, Assistant Dairy Hus- 
bandman, Bureau of Animal Industry, and David Griffiths, Agriculturist, OJftce 
0 J farm Management, Bureau of Plant Industry 

INTRODUCTION 

prickly-pears ( Opuntia spp.) have been fed to cattle for many years 
in Texas and Mexico, but they have formed only a small part of the ration, 
and their value as a feed has not been fully appreciated. In the wild 
state these cacti make a rank growth, and experiments show that they 
respond readily to cultivation, two years’ growth from old stumps 
yielding as high as 106 tons an acre a year. The average annual yield 
at Brownsville, Tex., under ordinary cultural conditions for the first 
two vears’ growth from cuttings was about 40 tons and at San Antonio, 
Tex. about 25 tons an acre. The second two years’ growth from the 
cut-over stumps would be still larger. As irrigation of these plants 
is unnecessary, the cost of growing the crop is very low considering the 
tonnage produced; and although prickly-pears contain about 90 per cent 
of water, the production of dry material is large. Since there are no 
doubts as to the practicability of growing prickly-pears as a farm crop, 
the only other vital consideration is their feeding value. If it can be 
shown that they possess sufficient nutrients and have no injurious effect 
on the animals, there is no reason why tnese cacti should not come 
into general use in all sections where they can be readily grown. 

One of the writers (Griffiths, 5) 1 conducted a feeding trial for 67 days 
with two cows at the ranch of Mr. Alexander Sinclair, San Antonio, 
Tex., and found that these cacti were a palatable and nutritious feed for 
short periods and that the flavor of the milk was in no way impaired. 
He also reported the feeding of 20 steers on the ranch of Mr. T. A. Cole- 
man, Enciual, Tex., with a ration of pricklv-pear and cottonseed meal 
for 105 days. Each pound of gain required 55.03 pounds of piickly- 
pear and 2.5 pounds of cottonseed meal, which was a very sat isf acton- 
showing. 

Hare (7), of New Mexico, conducted five digestion trials, with two 
steers in each trial, in which he showed that when the pricklv-pear was 
fed with cured fodders or with grains, the digestibility of both was 
increased. The five rations that he used were as follows: Pnckly-pear 
{ 0 . lindheimeri), pricklv-pear (0. M, pricklv-pear and alfalfa, pnckly- 
pear and cottonseed meal, and alfalfa hay. 

t Reference is made by number to " Literatur e cited,” p . CSV _ 
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Sotgia (io) reported an experiment on feeding prickly-pear to fi Ve 
cows in Sardinia which indicated in general that the prickly-pear increases 
the milk yield without lowering the percentage of solids in the milk. 

On the other hand, Mr. P. R. Mehta (9), Acting Deputy Director of 
Agriculture, Bombay Presidency, India, in reporting the results of a 
feeding trial conducted with five animals for five months in 1902, slated “ 

The result of our extended and thorough trial proves conclusively that pricklv- 
pear has hardly any value as a cattle feed. It is only when given with a moderate 
quantity of ordinary fodder that the animals can just manage to live for a period of 
four to five months. 

While these and other interesting and valuable observations on the 
feeding of the plant have been made, it was thought advisable to obtain 
more definite knowledge than is afforded by the ordinary feeding prac- 
tice. Accordingly, the Dairy Division of the Bureau of Animal Industry, 
cooperating with the Office of Farm Management of the Bureau of Plant 
Industry, conducted the experiments herein reported at the South Texas 
Gardens, Brownsville, from October, 1911, to April, 1913. 

PLAN OF THE INVESTIGATIONS 

CULTIVATION OF PRICKLY-PEAR 

The prickly-pears used in these experiments consisted of cuttings of 
native species collected from uncultivated lands near Brownsville and 
set out in the cultivated fields of the experimental farm. The stock 
which it was thought would produce the largest yields was used in the 
plantings. Three species common to the region were planted, 0 . gommei, 
0. cyanella (color PL F), and an unnamed variety. All were probably 
confined in their distribution to the delta region of the Rio Grande. 
Although these species differ botanically there is very little distinction 
between their forage value and that of many other spiny species in 
southern Texas, except that these delta species are the most viciously 
spiny and the most difficult to singe. The difficulty in singeing is caused 
mainly by the large number of coarse spines and the still larger number 
of long, coarse spicules; and the region being near the coast, where the 
atmosphere is humid, the spines of all species are less combustible. 

The two varieties named constituted probably 95 to 98 per cent of the 
plantation. The third species differed from these in several particulars, 
but more especially in its habit of growth. It is judged to be of less 
value than either of the two others, mainly on account of its smaller, 
thinner joints. However, this species did not form more than from 3 to 
5 per cent of the field. 

The main crop of prickly-pear was planted in the spring about 1 
months before the feeding was begun and consequently had had two sea 
sons’ growth. As the feeding was continuous from the date of beginning. 
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t he material used in these experiments represented the growth of the first 
second, and third seasons. The ground was put in a moderate state of 
tilth, and single-jointed cuttings were set about 30 inches apart in rows. 
]n previous work of the Department at bail Antonio and elsewhere the 
rows were 6 feet apart, but on account of the greater rapidity of growth 
at Brownsville, this distance was increased to 8 feet. Moderate cultiva- 
tion was given for the first year and the early part of the second; but 
after August of the second season little cultivating could be done’ and 
after September cultivation was abandoned because the plants filled the 
space between the rows, preventing the horses from passing. 

The yields of prickly-pear obtained in this field were not at all typical 
of what may be expected in this delta region. The plot of ground used 
was badly infested with Bermuda grass, was flooded considerably during 
heavy rains, and had three depressions of very still Cameron clay running 
through it. These conditions very materially reduced the vields. 

OUTLINE OF THE FIRST YEAR'S TESTS 

In selecting materials for use in comparison with prickly-pear, such 
feeds were chosen as are common to its growing region. It was thought 
best, therefore, to compare the value of prickly-pear with sorghum hay, 
sorghum silage, and cottonseed hulls, since these are the: feeds which 
these cacti might replace either wholly or in part. I11 selecting the. ani- 
mals an effort was made to secure mature but not aged cows that gave 
evidence of being at least fair milk producers. Accordingly, 13 grade 
Jersey cows that had been fresh but a few weeks were purchased near 
Brownsville (PI. I/XII, fig. 2). They were, somewhat better than the 
ordinary Texas dairy stock, and were accustomed to eating prickly- 
pear. These cows were grouped and fed as shown in Table I . 

Table I . — Grouping and rations of cows in first year's tests a 


Ration. 

Number, if j 

cows in ‘ 

smup - First period (80 day?.). 1 Second period {So days). 


3 j Grain, hay, and heavy prickly-pcar . 

3 ! Grain, hay, and medium prickly-pcar 

3 '■ Grain, hay, and medium prickly-pear 

3 ! Grain and hay 


Cottonseed meal and heavy prickly-pear. 


Grain, hay, and medium prickly-pcar 
Grain, hay, and heavy prickly-pear. 
Grain and hay. 

Grain, bay, and indium prickly-pear. 


J There was a transition period of io days between ihu two S'j-dav period:, 

"Oue of the cows in this group died; the data for this cow have been disregarded 
results. 


in calculating the 


The first and second groups were for the comparison of medium and 
large quantities of prickly-pear as well as the relative values of hay 
and prickly-pear; the third and fourth groups werefor comparing the rela- 
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live value of the hay and prickly-pear and the effect of adding priokh , 
pear to a ration of dry material. 

The groups to be compared were balanced as nearly as possible with 
reference to body weights and yields of milk. In order to do this 
records of the milk and fat were kept for a period of 10 days before 
the cows were divided into groups. The 8o-day experimental periods 
were divided into subperiods of io days each, and 10 days were allowed 
for making the changes in rations at the end of the first 80 days. 

The grain mixture consisted of equal parts by weight of com chop, 
wheat bran, and cottonseed meal ; the hay was sorghum hay of average 
quality, and the prickly-pear was a very spiny two-years' growth. The 
prickly-pear was singed in the field with a gasoline torch, then cut off 
near the ground, and hauled to the cow lot. After being placed in the 
mangers, the heavier stems were chopped into small pieces with a sharp 
spade or hoe. The grain was fed according to the amount of milk fat 
produced, about io pounds being supplied for each pound of fat. 
The milk fat rather than the milk itself, the milk solids, or the energy 
value of the milk was taken as the basis of feeding, as previous investiga- 
tions (2) have shown it to be a more reliable guide for this purpose 
than the whole milk, and perhaps just as reliable as the milk solids 
or energy value. 

As much prickly-pear was fed to the cows of the heavy ration prickly- 
pear group as they would eat; this varied with the different individuals 
from 100 to 150 pounds a day. Each cow in the two groups receiving 
the medium pricklv-pear ration received 60 pounds a day, and as 
much hay was fed to the cows of the four groups as they would consume 
without undue waste. The quantity varied from 3.5 to 20 pounds, 
depending upon the individual and the amount of prickly-pear in the 
ration. In addition to these four groups, one cow received all the 
pricklv-pear she would eat and, in addition, 4 pounds of cottonseed 
meal daily. The object in this case was to ascertain the physiological 
effects of feeding large quantities of prickly-pear for a long period. 

The body weights of all the cows were controlled by reducing or 
increasing the roughage so that the gains or losses in weight of the 
groups to be compared were approximately the same. By conducting 
the experiment in this manner many of the variable factors were con- 
trolled and a direct comparison of the amounts of prickly-pear and 
hay required to produce a pound of milk fat was made possible. 

The body weight of each cow 7 was taken every morning at about 
the same hour, so that the conditions from day to day as regards hi 
both of feed and water were as nearly uniform as possible. ^ 

The milk was weighed at each milking, and composite samples .or 
fat analysis and specific-gravity determinations were taken for 5 da>s 
near the middle of each 10-day period, the samples being presene 
with formaldehyde. The milk solids were estimated from the fat an 
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specific gravity by using Farrington and Woll’s table (j, p. 264, tab. 6). 

4t the end of each 10-day period the yield of the milk of each cow was 
totaled, and the number of pounds of fat for the period was determined. 
This yield of fat was then used as the basis for computing the grain 
ration to be fed for the next 10 days. 

gvery 20 days samples of the ordinary prickly-pear, chopped and 
thoroughly mixed, were put into quart jars (chloroform being used 
as a preservative) and sent to the Dairy Division for analysis by Mr. 
r. H. Shaw. 

While this method of determining the relative values of feeds is by 
no means perfect, it is an improvement on the ordinary feeding experi- 
ment, because the factor of live weight was controlled and a direct 
comparison of the feeds in question made possible on the basis of fat 
production. It would be well, too, if a comparison could be made 
on a basis other than that of fat; this, however, owing to the variation 
in the composition of the milk caused by the feed, is impossible without 
conducting more experiments. The alternating system of feeding, such 
as was used in this experiment, favors the poorer feed. If any feed 
under comparison has a tendency to stimulate production more than 
another, the cows which receive the belter feed for the second period 
are placed at a disadvantage, as they must begin the second period 
at a lower level of production than the cows that are to receive the 
poorer feed. The feeding periods were continued long enough to reduce 
the experimental error to an insignificant factor. 

Cow 7, in the group receiving grain, hay, and the medium prickly-pear 
ration, died from acute indigestion, but in the opinion of all those con- 
nected with the experiment its death can not be ascribed to the prickly- 
pear any more than to the other ingredients of the ration. In calculating 
the results of the experiment, therefore, the data for this animal were 
disregarded. 

OUTLINE OE THE SECOND YEARS TESTS 

As the first-year’s work had shown that prickly-pear fed in medium 
amounts gave best results, it was fed the second year at the rate of 
75 pounds a day to each cow in the groups that were used for comparing 
prickly-pear with other feeds. Two groups were fed to compare the 
relative values of prickly-pear and the sorghum silage and two to com- 
pare the relative values of these cacti and cottonseed hulls; one addi- 
tional cow was fed to study the effect of prickly-pear when fed for a 
long period; another cow was fed on prickly-pear without an\ sup 
plementary ration to ascertain whether it would be possible to maintain 
an animal upon this feed alone. The cottonseed hulls were such 
ordinarily purchased in the open market. The sorghum silage w as be cm 
the average in quality, as the sorghum had been sown broadcast and 
was not fully mature at the time of putting it into the silo. In or er to 
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prevent the silage from spoiling, five cows were used in each group fed 
silage, although there were only three animals in the other groups 
For the second year’s work grade Jersey cows, comparable with those 
used in the first year’s experiments, were purchased from the same source 
The 1 8 cows used were grouped and fed as follows (Table II) ; 

Table II . — Grouping and rations of cows in second year's tests a 



Cow 5 in the first group, a heavy-producing cow that had a roughage 
ration of cottonseed hulls, became so ill that it was necessary to change 
the character of her ration at the end of 70 days in the first 80-day period. 
With this- individual the second feeding period was cut from 80 to 70 
days, so as to make a better comparison of the data obtained from the 
two periods. With all the other animals the data were collected for the 
full periods of 80 days each. 

The digestible nutrients of the feeds in the first year’s trials were 
estimated from actual digestion trials. (See p. 418.) As no digestion 
trials of the feed used during the second year’s work were made, the 
coefficients of digestion used in calculating the nutrients digested were 
taken from Henry (8, pp. 572—577), except for prickly-pear, in which 
case our own figures were used. The energy values were calculated 
by the Annsby.(i) method. 

EXPERIMENTAL WORK 


MILK PRODUCTION, FEEDS, AND BODY WEIGHTS 

The principal data by groups, showing 111 comparative form the results 
of feeding the various rations, are given in Tables III to VI. Table III 
deals with milk production, including the fat and solid contents of the 
milk; Table TV shows the amount of each of the. feeds consumed and the 
body weights; Table V, the nutrients digested; and Tabic VI, the energ\ 
values of the feed consumed. Complete data for the individual animals 
will be found in Tables XX to XU I. 



lM9IS Prickly-Pears as a Feed for Dairy Cons 

Table: III— Effect of different feeds on milk production 

FIRST V F,AR 


4” 


Hairy prickly-P« f 

Vrfium priclcly-PFaf 

, -vypnekly-pear 

uSiuin prickly-pear 

M T'ctal for heavy prickly-pear 
groups. .. . , . 

Total for medium pnckly-pear 
groups. 


Medium prickly-pear.. 
SorchuH 1 hay 

Medium prickly-pear. . 


pro ups. 

Tolal for hay groups. . 


Total i .. 

mi!k - ; Average I ***' 
per cent. W 


| Pounds. . p 
First.... 3. 710.0; 

do : 4.676.61 

Second,. | 4. 41?, 3 

_-.d« I 3.206.8 

First. . . . { 


8.9 ! First...., 3.543. 1 j 

11.12 j Second..; 4,385.8! 

8.9 *.. do ! .3,230.$ i 

8. 9 I First \ 

11. 1 2 Second. . j 

II. 12 ! First.... 1 , 

8.9 ; Second. . J 1 


319-63 
339- 44 


.044.3S 

.046.8$ 


SECOND 


Medium prickly-pear 

6.9,15,16. 

Sorghum silage 


Medium prickly-pear 

3,14.17, 19. 

Sorghum silage • ; • • 

Total for medium prickly-pear 1 

6. 9, , 5 » 1 6, 
6,9,15,16, 

groups. 

l 3.14,17. 19, 

Total for sorghum-silage groups . . j 

f 3- >1’ , 7-i9< 
l 6,9,15, 26, 


Medium prickly-pear 

Cottonseed hulls “ ! 

Medium prickly-pear a 

Cottonseed hulls 

Total for medium prtckty-p«ir 
groups.® 

Total for cottonseed-hulls groups. . 






First 8.804.1 

...do 7.638.5 

Second.. 6.81:. b 


. . .do I 

First....! 
Second. .. / 
First. ... \ 
Second. / 


7,649.0 

15,021.7 

15,287.5 


First... 0,334.4 

...do ! 6.075.2 

Second . . i 4. 550, 2 

...do : 5.169.8 

10.904.6 


First. . . . 1 
Second. . j 


I 


First. .. . 1., 

| Second.. J 1 =* 


0 Cow 5: 70-day period. 


4. 29 . 377, hS 
j. 14 j 39:. 8ft 
4-74 ; .W 3 - 4 I 
4.72 360.92 

4 - 4 * ’ 701.09 


975 - 8? 
1.084.74 

I35-57 


4-93 ' 7>3.78 2.1SR.67 


4. 56 : 289. 80 
4. 96 | 29S. 00 



4-51 i 491- 40 


Table IV.— Effect of feeds consumed on body mights of dairy com 

FIRST YEAR 


Heavy prickly-pear 

Medium prickly-pear 

Heavy pricklv-pear 

Medium prickly-pear 

Total for heavy 
prickly-pear 


ckly-pcar 
groups. 

Medium prickly-pear 

Sorghum hay 

Medium prickly-pear 

Sorghum hay 

Tot?! f;n medium 
prickly -pear 
groups. 

Total for hay groups 


So-day 

period. 


First.... 

. .do 

Second. 

..do 


Sorghum 

hay. 


! ^.360.0 


First....; 
. .do, ; 
Second. 
..do ; 


r.379. 

3.176.9 


4. 165. 5 

2.049.5 
2-396- 


Cotton- : Prictij.. j Sorghum 

SL ' — ! si,a8e - 


32.195 

n.SSo 
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Table IV .— of feeds consumed on body weights of dairy cows Continue 


I Nos. of cows. i 


Medium prickly-pear I 6. 9. 15. 16, 

Sorghum silage 3 , 14. 1 7, 19. 

Medium prick ly-pt-ar 3. 14. 17.15. 

Sorghum silage 6,9,13,16, 

Total for medium I . ,, 

prickly-pear |> £ * £ 

groups. | j. 4’ /, y. 

Total for sorghum- If 3,14,17,19. 
silage groups \ 6, 9, 15, 16, 

M edium prick ly-pear 8, 11, 

Cottonseed hulls « 4-5- 

Medium prickly-pcar ® . . . . 4.5, 

Cottonseed hu 11 s 8. 1 1 .• 

Total for medium 1 o 
prickly-pear jf ’ ' 

groups.® ;| 4,51 

Total for cottonseed- 4.5. 

hulls groups a ■ J S, 1 1 . 


Cotton- 

seed 

hulls. 

Prickly. 

pear. 

Sorghum 

silage. 

Pounds. 

3.8R6 

3 , 8/4 

Pounds. 

* 9.975 

Puanrft. 

3 , S 4 ° 

29.340 

10.84.3.3 

7 , 4*6 

59,215 


7,872 


> 7 . 348, j 

2,080 

17, 080 


4-577 



1,884 

16. 677 


4 ; 244 



3,964 

33,757 


S. 8»r 







Heavy prickly-pear i 

Medium prickly-pear 

Heavy prickly-pear 

Medium prickly-pear 

Total for heavy prickly-pear groups j 
Total for medium prickly-pear f 
groups. \ 

Medium prickly-pear 

Sorghum hay 

Medium prickly-pcar 

Sorghum hay 

Total for medium prickly - pear f 
groups. \ 

Total for hay groups { 


1,2.3 t First.. 
4,5.6 . do. . 


1.2.3 First... 

4.5.6 Second.. 

4.5.6 First 

1.2.3 Second.. 

8,9 First 

ir, 12 . . do. . 
rr, 12 Second.. 


Medium prickly-pear 

6,9, 15- 16, 18 

First...,' 

3 - 936 . 2 

4. o;o. S 

154-6 

167.8 

Sorghum silage 

5.14. r7, 19, ao 

, ..do. . ..! 

3 - 948,2 


Medium prickly-pear 

3 - 14 , 17 , 19-20 

Second. | 

4.259.0 

4, 26?. 2 

3 -* 

Sorghum silage 

6,9, 15, 16, iS 

, . .do. . . . 1 

4.028 - 1 

3 , 995 - 2 

- 33-0 

Total for medium prickly-pear 

f 6.9,15.16,18 

First.... 

• 8. 195- * 

8 , 333-0 

«*-8 

groups. 

l 3 - 14 , 17 , 19 , 20 

Second. . 

Total for sorghum-silage groups 

f 3 - J 4 , ' 7 , 19 , 20 
l 6,9,15,16,18 

First.... 

Second, . 

7,976.4 

8, ire. 2 

134-8 

Medium prickly-pear 

8,11.12 

First... 

2.353.0 

2.406.0 

55-0 

Cottonseed hulls® 

4 , 5 > 10 

;...do.. ..j 

2,412. 0 

2,436.6 

* 4*6 

Medium prickly-pear ® 

4 - 5 .ro ; 

Second..! 

2,429. 8 

2,469-4 

39 6 

Cottonseed hulls 

8,11,12 

.. do....l 

2,349.2 

2,415.8 

jo. 6 

Total for medium prickly - pear 
groups.® 

f 8,11,121 

\ 4,5,10 

First 

Second, , 

| 4, 780. 8 

4 , 875-4 

94-6 

Total for cottonseed-hulls groups®. . 

J 4.5.10 

( 

First.... 
Second, .„ 

[ 4,761. 2 j 

4.8564 

95 -» 


Cow 5: 70-day period. 



„,*« Prickly-Pears as a Feed for Dairy Cass 

TablB V.— Amount of nutrients digested by dairy cotvs on Jitfimtl r, 

FIRST YEAR 
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wmvv prickly-pear 

S£mpri C k!y-P«.r... 

Heavy prickly-Ii®at 

Medium prickly-pear. . . 

** Total for heavy 
prickly-pear 
groups. 

Total for medium 
prickly-pear 
groups. 

Medium prickly-pear... 

safe**-: 

Toul for medium 

prickly-pear 

groups. 

Total for hay 
groups. 



ar I^Ti “I 


: Pounds. Pou ndi. Pound i 
First.... | 3,155.851 609.78, 506.6 

...do.,.,,; 3.171.38 i <30.83 ' 607. 8 

{second..: 3.584.97 ! A17.26 : 383.3 

, ..do.... I 3.106-37 : 395.69- 519-3 

First . . . 

Second. 



Second.. ) 


825.49 894.1s 

830-77 ; 1, 2J2- 50 


1 . 543-49 

log. 60 

1 . 666. 0; 

143 - <0 

1.918.2, 

1 64.95 

1 44 

A- 47- .35 

3.461. jj 

* 74 - 5 S 

3 i 438 .J! 

292-40 

r. 060.90 

94-09 

1. 541. as | 

Ibl. 24 

1.916.57 1 

» 77- 47 

1,208.67 ' 

129-94 

-977.47 

J?1. 56 

3 s 749 - 95 

291. 18 


Medium prickly-pear . . 

Sorghum silage 

Medium prickly-pear. . 

Sorghum silage 

Total lor medium 
prickly-pear 
groups. 

Total lor sorghum 
silage. 

M edium prickly-pear.. 

Cottonseed hulls 0 

Medium prickly-pear a . . 

Cottonseed hulls 

Totalfor medium 
prickly-pear 
groups . 0 

Total for cotton- 
s eed - hulls 
groups. 0 


6,9,15,16.18 First.... 

5,601.60 

843.01 

1.016.80 

3,198.84 

20;. 88 

3,14,17,19)2° :■ --du 

5.806.49 

882.53 

1,313-82 

3,019. 28 

260. 27 

3. 14, 17.19,20 ! Second.. 

4.S18.52 

745-48 

939- J8 

2, 6*9.91 

6,9,t5,l6,l8 . .do 

5:317-34 

825.97 

1.222-94 

2)734*64 

242. 29 

1 6,9,15.16,18 i First.... 

[ 3) Mr 17>I9) 2° 1 Second.. 

\ 10,420.12 

1,588.49 

1,956. 58 

5. 878. 76 

383-74 

:/ 3,14,17.19-2° ! First.... 

\ 6, 9, i5; 16, 18 i Second. 

}ll,123.S3 

1,708. 50 

2,536.76 

5.753-92 

502.56 

8,11,12 First.... 

3.867. 25 

6S4.32 | 

568.6* 

2.251.82 

1 19. 68 

4.5.10 ...do : 

4.5.10 I Second.. 

4.071-76 

665.07 ; 

1.039.84 

2.026. 90 

173.88 

2.838.98 

466-14 

510.84 

1-595-67 

107-94 

8,11,12 ...do 

3,513-62 

556-47 ] 

979-S8 

1,695.86 

136. 91 

1 8,11,12 \ First.. . 

1 4,5,10 ! Second. 

J 6,706.13 

1,150.46 

1,079-46 

3,847.49 

267-62 

1 4,5,10 ; First 

| 8,11.12 , Second. . 

[ 7)585.38 

1,219.54 

2,019.42 

3,72*06 

J io. 79 


a Cow Xo. 51 

Table VI— Energy value of feed cotv 


;o-day period. 

turned by dairy co%s on different raiions 


FIRST YEAR 




Cotton- 

Wheat 

Corn 

Prickly- 

Croup. 

Aos. ot cows. period, seed meal. 

bran. 

chop. 

pear. 



7JWib{ 

Therms. 

Therms. 

Therms. 


1,2.3 . First....; 

389-05 

212.44 

360. 72 

1,210-81 
66 94 


4. ; (l i. do 

512-17 


464- 73 


Heavy prickly-pear 

4,^,6 • Second. . 

1.2-3 do : 

$A9- ?J 
4J7-2S 

285. 52 
236-74 

740. 05 

Total fur heavy prickly- 

1.2.3 ! First.... 

1 4,5.6 ) Second., 

f 4^,6 ' First.. .. 

[ 1,2.3 | Second. . 

938-78 

497-96 

825.45 

2,518-12 

pear groups. 

Total for medium prickly- ! 

939-45 

538-92 ! 

! 932-95 

l,406-99 

pear groups. 





Medium prink ly.ppar . 

g.9 ; First — j 

343-02 

202.36 
32S. 72 
307-83 

356-92 

445.28 

Sorghum hay 

ID. II 22 do.... . 

569.62 

5?2‘47 
520. 15 

740.05 

Medium prickly-pear * * ... 

ie, n. 12 1 second.. [ 

555- 59 

Sorghum hav 

8.9 '---do i 

4M- 73 

225- 12 

i r3' 

S77-07 

1,185.33 

Total lor medium prickly- 
pear groups. 

ir 8.9 ! First. .. 

|\ 10,11.12 i Second.. 

J- S0S.61 

510. 19 

j 5?3- 8 * 

948-=5 


10.Ti.ij First — 
^ 5.9 Second.. 

} 91=4-37 


Total [or hay groups 
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TablS VI —Energy valueof feed consumed by dairy cows on different ratio —Continue 


SECOND YEAR 


Group. 

Nos. of cows. 

80-day 

peiiod. 

Cotton- 
seed meal. 

Wheat 

bran- 

Com 

chop. 

Prickly. 

Pear. 


, l8 


Therms . 

Tkerms. 
635-84 
649- 72 
550. 0* 

613-87 

Therms. 

1.129.07 

Therms. 


. . .do 


>ii?t.s 5 




8oq- 3^ 

963.45 

r, 974-20 

989.45 

Sorghum silage 

To tall or medium prickly- 
pear groups. 

6,9, 15, t6, 1S 

. „do 

9*3-45 

1 3. r 4 , 17,19, 30 

Second, , 

Ji,8o4.6o 

1,185.86 

3,091. ja 


Total for sorghum silage 

J 6,9,*5,i6ti8 

l Jit 14, 

. . do 

First 

Ji, 930.J5 

1,263-59 

2-227.89 


Medium prickly-pcar 


; ...do..... 

830. 68 

530. 74 ! 


678.94 

Cottonseed hulls" 

! 

...do 

841-ir 

537-39 

I 954- 24 
608.02 

Medium prickly-pear a 

4i$ r 10 j 

Second , . 

jn.35 

347-47 ; 

559 18 

Cottonseed hulls 

8, rr, is 

. , .do 

657.72 

446-92 

782.05 

Total for medium prickly- 

( 8,11,12 

First. . . . 

878.21 


pear groups." 

\ 4^5 t 20 

Second. . 

^1,542.03 

I, S50-43 

I- 238*11 

Total for cottonseed-hulls j 

{ Szz 1° 

First.. .. 
Second. . 

|r,498.«3 

984.31 

1*736.27 


grou ps. ffl 





•: 



RIRSI YEAR 


Heavy prickly-pear. 

Medium prickly-pear 

Heavy prickly-pear 

Medium prickly-pear — 

Total for heavy priekly- f 
pear groups. \ 

Total for med ium prickly* f 
pear groups. \ 

Medium prickly-pear 

Sorghum hay 

Medium prickly-pear 

Sorghum hay 

Total for medium prickly- / 
pear groups. |f 

Total (or hay groups i! 


Nos. of cows. 


8oday 

period. 


1,2,3 First....! 

4,5,6 ...do ; 

4,5,6 Second ' 

1.2.3 - do : 

1.3.3 First. ..J' 
4,5,6 Second..', 
4, 5, 6 First . . . . i' 



Second.. 

First... 

. .do 

Second. 

. . .do j 

First 

Second . . | 
First.. . 
Second . . I 


Sorghum ! Sorghum I Cotton- : Total 
silage.. | hay. \ seed hulls., energy. 


Therms. 
6:3. 10 

337- 61 

tin. 03 
601. 78 
1.424*13 
337-44 

920.3.5 


Tkerms. ; Therms. 

’ 437 * 1 ? 

; 1, 617.34 

2,941.50 

! 3,615.10 

| 5,381.09 

j 5- 242-44 

1 1,685.03 


; 4- 396- 13 

1.993*52 ; 4,478 518 


SECOND YEAR 


Medium prickly-pear 

Sorghum silage 

Medium prickly-pear 

Sorghum silage 

Total for medium prickly- { 
pear groups. \ 

Total fur sorghum silage f 
groups, \ 

Medium prickly-pear 

Cottonseed hulls" 

Medium prickly-pear" 

Cottonseed hulls 

Total for medium prickly- / 
pear groups." 1 

Total for cottonsccd-huUs f 
groups." \ 


6,9,15,16.18 

3,14,17,19,20 

3.14,17,19*20 

6.9.15.16.18 

6.9.15.16.18 


3.14.17-19 

6,9,15.16.18 
3,l4,r7> *9? 2 


Mi, 13 
4, S, 10 
4-5, 10 
8,11,12 
8, 11, « 
4,5“ 
4. 5* “ 
8 ,n. 12 


First... 

...do - 1,180.51 

Second. 


Second. 

..do 

First 

do | 



-2,146.05 



drt 



Second. J 



Hft i 



First ; 

Second.. 1 
First — 

i 






4 J 4' 48 j 


365- 14 
412-36 


787*42 j 


227,92 


194-33 . 
437*78 ; 
4*3.25 | 

939*33 j 


4 - 373*95 

4. 4 ? 5- 30 

3.667.46 

3,969-4S 

3,041. 41 


2.B34-29 

2,330-35 

3,324-45 


5,431*04 

5,158-74 


“Cow No. s. 70-day period. 
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Tables HI to VI show in general that prickly-pear produced more 
m ilk with a smaller percentage of fat than the other feeds with which it 
*as compared. The total production of milk fat was reduced apprecia- 
bly by feeding prickly-pear, while the production of milk solids was 
lowered but slightly. 

In comparing the results of the first year’s work, it will be noticed that 
the heavy prickly-pear ration produced more milk and less fat but the 
same amount of total solids as the medium prickiy-pcar ration. It will 
be seen also that the dry matter digested and the energy values of the 
feed were greater in the case of the heavy ration. 

It will be observed that the medium prickly-pear ration produced 
slightly more milk but less fat and total solids than the sorghum-hay 
group. The cows also consumed more digestible nutrients, and the 
energy values were greater. While the body weights were not so well 
controlled as with the preceding groups, it is thought that the error on 
this account is of tio great consequence. 

Cows fed with prickly-pear produced a little more milk but less fat and 
less other solids than those fed on the sorghum silage. The cows of the 
sorghum-silage groups ate more digestible dry matter, and the energy 
value of their feed was greater. 

The results in the test of medium rations of prickly-pear as compared 
with cottonseed hulls arc somewhat different from the preceding. The 
cottonseed hulls not only produced more fat but also more milk and total 
solids than pricklv-pear. There was more digestible dry matter in the 
ration of the cottonseed-hulls groups, but. a smaller energy value. 

The results as a whole seem to show that a moderate ration of pricklv- 
pear was used more efficiently than a heavy ration. As will be seen later, 
the digestion of dry matter is lower for the heavy ration, and possibly 
the cows receiving a large amount of pricklv-pear required more food 
for maintenance, especially in cold weather. 

Ordinarily it would be better to feed a medium rather than a heavy 
ration of prickly-pear to milking cows because of the greater fat pro- 
duction and the more sanitary condition of the cows and stable. Prickly- 
pear in large quantities loosens the bowels, which makes it difficult to keep 
the cows clean. There are many cases, however, in which a large amount 
of these cacti might well be fed. If the product is to be disposed of as 
milk rather than as butter or cream and il supplementary roughages are 
relatively high in cost, it would be to the advantage of the dainman to 
feed a large quantity of pricklv-pear, provided extra precautions are 
taken to keep the cows and the stable clean. The proper amount to iee< 
depends to some extent upon the ability of the individual animal to con- 
sume large quantities. It is thought that most cows will retusc to eat 
more than 100 pounds each day when supplemented with gram aiu 
small amount of hay. 
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RELATIVE NUTRITIVE VALUE OE THE FEEDS 

The following calculations show the method employed in estimating 
the relative nutritive values. To obtain the number of pounds of feed 
required to produce one pound of fat, the total number of pounds of feed 
was divided by the total fat production. The quantity of prickly-pear 
used to replace the hay or other feed was considered equal in value 
for fat production to the amount of feed which it replaced. The same 
method was followed in estimating the relative values of the different 
feeds on the bases of nutrients digested and energy values. The results 
are given in Table VII. 

Table VIII contains different methods for comparing the relative nutri- 
tive value of the feeds tested, estimated from their chemical composition 
and digestibility. If the digestible nutrients or therms furnished an 
accurate means of estimating the relative values of different kinds of 
feeds, i pound of digestible nutrients or i therm in one kind of feed would 
be equivalent in producing power to i pound of digestible nutrients or i 
therm in another kind of feed. Thus, while 1.40 pounds of digestible 
nutrients in prickly-pear arc equivalent to 1 pound of digestible nutri- 
ents in sorghum hay, 0.90 of a pound in the prickly-pear is equal to 1 
pound in the cottonseed hulls, and while 1.61 therms in the prickly-pear 
are equal to 1 therm in the hay, 3.03 therms are required to equal 1 therm 
in cottonseed hulls. The digestible-nutrients method shows less variation 
than the energy-value method and for this reason is more accurate, in 
this investigation at least, but both show such wide variations as to make 
them of doubtful value in estimating the nutritive values. 

On account of the variation in the water content of prickly-pear and 
sorghum hay, it was thought best to reduce them all to a dry-matter 
content that would be near the average for the particular feed. The 
relative values were estimated by using the following percentages of 
dry matter for the various feeds: Prickly-pear, 10 per cent; sorghum 
hav, 80 per cent; cottonseed hulls, 90 per cent; silage, 25 per cent. 
Calculated in this way, the relative values on the basis of feed consumed 
are as follows : 

Medium prickly-pear and sorghum 
hay versus heavy prickly-pear 

and sorghum hay 1 pound of sorghum hay equals 15.9 

pounds of prickly-pear. 

Medium rations of prickly-pear 

versus sorghum hay 1 pound of sorghum hay equals 10. 1 

pounds of prickly-pear. 

Medium rations of prickly-pear 

versus sorghum silage . . .1 pound of sorghum silage equals 2.6 

pounds of prickly-pear. 

Medium rations of prickly-pear 

versus cottonseed hulls 1 pound of cottonseed hulls equals 

5.8 pounds of prickly-pear. 
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Xhe prickly- pear used in these experiments contained perhaps more 
ff ater than the average. Henry (8, p. 572-577) gives the water content 
0 f prickly-pear as 84.2 per cent, and Hare’s (7) average of several 
analyses of a certain variety shows these cacti to have 8341 per cent of 
water. Prickly-pear containing these percentages of water would be 
worth probably 50 or 60 per cent more than is last indicated. 

TabI/SVII .—Relative values of sorghum hay and prickly- pear when the latter is fed m 
A medium quantities 

ON II AS1S O* Fi:m> CONSUMED 


Group. 

J 

Fat 

produced. 

Total feed consumed. 

Feed required for 1 [xmiul 0 | 

| Grain. 

Sorghum 

hay. 

Prickly- 

pear, 

Grain. 

Sorghum , 
hay. 

Prickly- 

pear. 

Medium prickly-pear 

Sorghum hay 0 

i Pounds. 

: 325. 08 

I 3 S 5 - *4 

Pounds. 

3 ) 176-0 

3-467-7 

Pounds. 
3 - 371 - ° 

Pounds. 

26.280.0 

Pounds. 

9.8 

9-8 

Pounds. | 
ni- 37 ' 
| *47 

Pounds , 
So.!V 


ON' BASIS Ui‘ NUTRIENTS PIGBSTHO 


Total nutrients digested. ; ^ i K«tWe^uuicnt ! | rojuiretl 


Group. 

produced. 

Grain. 

Sorghum 

hay. 

Prickly- 

pear. 

Grain. 

Sorghum ! 
hay. | 

Prickly- 

Medium prickly-pear 

Pounds. 

324.68 

Pounds. 

2.300.84 

Pounds. 

1 > 543 - 75 
4 - 793 - 56 

Pounds. 
1.323. 19 

Pounds. 

4 - 7 ? 

Pounds. 


J5j 



' 



OS 

ASIS OK Ef 

'ERGV VALUE 





Fai 

Total energy in nutrients 
digested. 

Energy required lo 
of fat. 


Group. 

■produced. 

1 

; Grain. 

Sorghum 

hay. 

Prickly- 

pear* 

tein. 

j Sorghum 
j hay. 

Prickly- 

Medium prickly-pear 

| Pounds. 
j 3 »S-o 8 

1 Therms. 

! 2.285.87 

1 2,486.46 

Therms. 

Therms 
\ 1.185.3.5 

Therms. 

| Therms. 

' 3-46 

: 5 - 61 

Therms. 

,v 6.5 

Sorghum hay f 

i 3S5 ' 2+ 


: 




a Quantity of hay required to replace 80.S4 pounds of prickly-pear= 1S.47-10.37- 8. 10 pounds. 

One pound of sorghum hay equals 10 pounds of pncldy-pear. rir ni in nrirk! v. 

i> Quantity of digestible nutrients in hay required to replace 4.07 pounds digestibletiutriinls in prickly 

’’S^lS'i^SSAan in th. to, wt.ui pound, digotibk totrams in [.tidily-mar. 
e One therm in the hay equals 1.70 therm* lit the prickly-pear. 


Table YI IT . — Relative values of prickly-pear and other feeds 


Basis ol comparison. 

Medium prickly- 
pear and sorghum 
hay v. heavy 
prickly-pear and 
hay. 

Medium prickly- 
pear v. sorghum 
hay. 

Medium prickly- 
pear v. sorghum 
silage. 

Medium prieldy- 
pcar v. ml linseed 
hulls. 

Sorghum 

hay. 

Prickly- 

pear. 

Sorghum 

hay. 

Prickly- 

pear. 

Sorghum 

silage. 

Trickly- 

prar. 

Cotton- 

seed 

hulls. 

Piickly- 

pear. 

Feed consumed, 
pounds 



1 

10*0 

, 

3-3 


8.8 

Nutrients digested, 
pounds 



1 

1.31 

1 

"" 


.95 

Energy values, 
therms 


1. 61 

I 

j r.;o 

1 

i 1,09 

I 

3-0.5 
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DIGESTION TRIADS 

Toward the close of the first year’s work it became apparent that the 
heavy priekly-pear ration was not used as efficiently as the medium 
In order to ascertain whether the heavy ration was rushed through the 
digestive tract too rapidly to allow sufficient time for digestion and 
absorption, and also to check previous work of that kind which had not 
been altogether satisfactory, some digestion trials were conducted in 
May and June, using cows that were accustomed to the different classes 
of roughage fed during the previous year’s work. 

The plan was to use two cows in each trial and to conduct five trials 
for a period of io days each, with a preliminary period of 4 to 7 ( j avs 
during which time the ration was to be exactly the same in kind and 
quantity as during the digestion trial. This plan was rigidly adhered to 
except that in one of the trials data for 9 days instead of 10 were used. 

The four different rations used were as follows: Sorghum hav and 
grain; sorghum hay, medium quantities of prickly-pear, and grain- sor- 
ghum hay, heavy rations of prickly-pear, and grain; and prickly-pear 
alone. The grain in every case consisted of equal parts by weight of com 
meal, cottonseed meal, and wheat bran. 

The sorghum hay was run through a cutter, thoroughly mixed, and a 
sample taken for analysis. Samples of the com meal and other grains 
were taken before the grain mixture was prepared. The prickly-pear 
was sampled by taking a representative portion each dav, chopping it 
into fine pieces, mixing and weighing out about 100 gm. on a chemical 
balance. This portion was then dried on a hot-water bath. The dried 
samples for 10 days were placed together in a tight jar and sent to Wash- 
ington for analysis with the other samples. 

The feces were collected by attendants who were with the cows day and 
night throughout the trials. No urine was collected. The cows were 
kept in ordinary rigid stanchions. The wooden gutter behind and the 
rear portion of the platform on which the cows stood were covered with 
white oilcloth, so that in case the attendant failed to catch the feces at the 
time they were passed, they could be easily collected from the cloth. In 
order to avoid any possibility of including urine with the feces, water was 
used to wash it out of the gutter. An ordinary shovel was used in catch- 
ing the feces, except in the case of the cows receiving prickly-pear alone, 
when, owing to the extreme looseness of the bowels, it became necessary 
to use a large tub. The feces were placed in large cans, weighed each day 
at the. same hour, and, after being thoroughly mixed, an aliquot portion 
was taken and composited for chemical analysis. These samples were pre- 
served with chloroform and kept on ice. At the end of i o days a portion 
of the composite was weighed on the chemical balances and then dried 
over the hot-water bath in the same, way as the prickly-pear. Owing to 
the loss in nitrogen when feces are dried, the samples for nitrogen deter- 
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■ tion were taken from the fresh material, preserved with chemically 
sulphuric add, and sent to the Washington laboratories for analysis, 
P ur f bj e IX gives coefficients of digestion for each animal in the different 
together with the character of the ration and the amounts of each 
f^fed Complete data for each individual animal will be found in 
Tables XX to XLII. 

TarlF IX — Summary of coefficients of digestion for dairy roia 


• — — 1 


Elation. 



;j ■ 

Vitro- 



Xo. of «)W, | 

Grain. | 

Sor- L 
ghnm 
hay. 

J rickly- 

pear. 

1 

Dry 

nutter. 

“ £ ^ 

rve ex- 
tract. 

extract. 


* 1 

Lfis. 

66 

u>*. 

180 

Us. 

P. ct 

63. T5 

P. ct. P. Ct P ct. 

23- 9; j 64.(10 65. 1 

P.ct. 

64.35 

63. .54 

P. ct. 
76. 81 
71-97 

p. tt. 

65- jj 

66. 46 

j 



62.45 

24- 84 | 70-47 1 66. 1.8 

63.54 

74-39 

65. 88 


66 



63-79 

»S- 17 I 72-^5 j N-a? 

38.76 C-. JJ ! 62.32 

69.19 

68.69 

! 84 . 45 

6S.4S 
('')• «7 


9° 


1 6oo 

58.46 

| 26. !$ | 63.OO i 60-49 ! 

' 6.4.62 


62- 87 




....) 62.32 

j 26.69] 69. 42 1 62.3; 

1 _67.U 




66 

1 5° 


6l.08 

^•71 1 *9 72 } 5XS6 
^9*14 I 84.28 j 5.1*47 

) 63. ss 
bi. 74 

t)7- 99 

f 


l 54 

45 

1 50 


59- 79 

32. 63 | 84.54! 5 fj - 45 

| 63-33 

(>-'•99 

| 64-! 8 


I 

“i 


1 60.35 

34.51] Sfi.isj 5^26 


■ i 68.67 

r l ,- N ' ?4 



| I'.lwj 64.96 

: 3 I*\ 75. 29 ] 

1 

j j 76. <m 

I 63-84 
| 70- 59 

Average 



L..7.J, 6r. 38 
1 ' 

43.98 

"l ;i-5 

J 

s 1 h\< 8? 

1 i 67- 25 


METHOD OK* CAUCULATKG DIGESTIBLE Xl-»0!ST8 


Table X rives the estimated coefficients of digestion for each class 

bran, and cottonseed meal were taken from lknr> (8, Po/- W). ^ 

Henry and the resulting products multiphe ^ & fuD know i, c lgc of 

for that particular group. This met o is ^ digestion for the 

the error involved in assuming that tie <-oe sam e ratio for each 

different constituents are increased or ecrease ^ ^ lhat in some 

ingredient of the ration. As a matter o > ^ while that of 

rations the digestibility of on ^^ Q ^ oni using average cneffi- 
another may be increased. How . nearly repre- 

eients and the factor* of difference are thought 
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sentative of actual conditions than calculations involving only the u se 0 f 
the average coefficients. 

Table X . — Comparison of estimated and actual coefficients of digestion for dairy cattk 

HAY GROUP 


Coefficient of digestion. 

Nos. of 
cows. 

Dry 

Crude 

protein. 

Crude 

fiber. 

Nitro- j 
gen-free 
| extract. | 

Ei her 
extract. 

Estimated 

Actual 

1 

Per cent. 
64. 56 

6 z. 45 
*97 

Per cent. 
6 B. 20 
70-47 
J.03 

Per cent. 
48. is 
66. 18 
1-37 

Per cent . 
68.46 

63.84 

■ 93 

Per cent. 

78 . 46 

■95 



MEDIUM PRICKLY-PEAR GROUP 


Estimated 

1 11 12 

64.84 

70.91 

46.99 


Actual 



69.42 

6a. 32 

67-17 j ij.„| 

Factor of difference 

! 

.96 

.98 ! 

i -33 

• 9.5 


HEAVY PRICKLY-PEAR CROUP 


Estimated 

x. 2. n i 

64.01 

73. 08 

45 ' SS 

I 72.03 

75.63 

Actual 

1 , 2 , II 

60. 3J 

86. 18 | 

54. 26 | 

! 6a. 87 | 

68. 67 

Factor of difference 



2. 18 

I. 19 < 

. 87 : 

•95 


INFLUENCE OF PRICKLY-PEAR ON DIGESTIBILITY OF OTHER FEEDS 

It has been claimed that prickly-pear is more valuable than its 
analysis indicates, for the reason that it increases the digestibility of any 
material with which it may be fed. To determine the accuracy of this 
statement Table XI was prepared by applying average coefficients of 
digestion to the nutrients fed in the digestion trials as determined from 
the weight and analyses of the feeds. These were then compared with the 
actual coefficients. 


Table XI.—" Comparison of estimated and actual coefficients of digestion for dairy cows 


COMPARISON OP HAY, GRAIN, AND MEDIUM RATIONS OF PRICKLY-PEAR 


Coefficient of digestion. 


Dry 

matter. 

Crude 

protein. 

Crude 

fiber. 

Nitro- 

gen-free 

extract. 

Ether 

extract. 

Organic 

matter. 

Hay and grain: 

Estimated 

Actual 

II , 12 

II. 12 

Per cent. 
64.56 
6a. 45 

Per cent. 
68. 20 
70.47 

Per cent. 
48. 19 
66.18 

Per cent. 
68.46 
63.84 

Per ami. 
78.49 
74 - 2 1 

Per cent. 

63 -fc 
6 ;. 88 

+ J.cS 

Medium prickly-pear, hay, and 
grain: 

Estimated 

Actual 

> 11,12 I 

i m,m 

65. 70 
64. 24 

72-47 

72-63 

46.76 

63.23 

7*- 39 
68.94 

79-17 

J 7 - 3 I 

66. 72 
68. 77 

■fi-Sj 

1 
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Table XI. -Comparison of estimatedjriactual coefficients of digestion for dairy 


COMPARISON OP HAY, GRAIN, ANU MEDIUM AND HEAVY RATIONS Ob' PKUXWEAR 


CofBcientof digestion. 

Nos. of 
cows. 

Dry 

matter. 

i 

Crude I 
protein, j 

Crude 

fiber. 

Nitro- i .... ' , 

gen-free tt!,cr i Organic 
extract. ; matter. 

jredium prickly-pear, hay, and 
gr £s(ijnat«l 

Difference ■ 

xi, x ! 

i Per cent. 
64.01 
6i.ia 

Per cent. 
69.48 
67. OJ 

Per cent. 
47. 16 
63.37 

, 

; 

Per cent. 
69. 8b 
66.40 ! 

Per cent. Percent. 
;6- ss; b 5 . j, 

6;- 16 1 65. 8- 

Heavy prickly-pear, hay, and 
grain: 

Estimated 

Difference 

It, I 
II, I 

*3-54 

60.43 

75-90 
87. 13 

1 

45- 55 
54*65 

71-94 

63-44 

i : " 

76. rj 6;. ST 

69-00 64.95 

Prickly-pear alone: 

Actual 

*r3 

61. 58 71. 56 

4S.98 

71. 55 

65.8S [ 67. j: 


It will be observed from this table that when hay and grain were fed 
the actual coefficient for organic matter exceeded the estimated by 2.08 
per cent, and that when hay, grain, and a moderate quantity of prickly* 
pear (60 pounds per day) were fed the actual exceeded the estimated by 
1.85 per cent. These results indicate that prickly-pear in moderate 
amounts has little effect on the digestibility of the other organic ingre- 
dients of the ration. The effect of a large ration of prickly-pear (105 to 
120 pounds) as compared with a medium ration will be seen from the 
results with cows 11 and 1. When fed the medium ration, the actual 
exceeded the estimated coefficient by 0.55 per cent; when fed the large 
ration, the actual was 2.62 per cent less than the estimate. These figures 
indicate that a large amount of prickly-pear in the ration depressed the 
coefficient of digestion. 

The results of the writers' digestion trials with pricklv-pcar as the 
sole feed agree fairly well with those obtained by Hare (7). The trials 
reported in this paper show a less efficient digestion of dry matter, liber, 
nitrogen-free extract, ether extract, and organic matter, but a more 
efficient digestion of ash and especially of protein. In general, the 
coefficients of digestion secured by Hare are greater than those obtained 
in the trials of the writers (Table XII). 


Table XII.— Comparison of digestion coefficients of prickly-pear with those of pre- 
vious trials 


Ration entirely of prickly-pear. 

. Dry 
matter. 

Ash. 

j Crude 

1 protein. 1 

Crude 

fiber. 

Nitro- 

gen-free 

extract. 

Ether 

extract. 

matter, 

Average of our trials (see Table 

Per cent. 
61. 58 
64. 91 

Per cent. 
38-37 
35' 69 

Per cent. 
71. S6 
49- 56 

Per cent 
42. 98 

Per cent. 
71. Si 

Su .77 

Per rent. 
65- S8 
68.46 

Per rent, 
b ;. :! 
-2 . 76 

Average of Hare's trials 

Difference 

-3.33 | +2.63! +«-“| “-t- 65 ; " 9 -" 

-5. 5 S 

| 


5 ) 6502 °- 15 4 
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INFLUENCE OF PRICKLY-PEAR ON PERCENTAGE OF FAT IN mii.k 

It is a common belief of many fanners that the percentage of fat 1 
milk varies according to the character of the ration; on the other hand 
the results from several experiment stations indicate that the fat content 
is an individual characteristic that is not affected by the feed. The 
average percentage of fat in the milk for each cow during the entire 
feeding periods is given in Table XIII and shows conclusively that 
prickly-pear in the ration caused a reduction in the percentage of fat 


Table XIII . — Influence of prickly-pear on percentage of fat in milk. Averages f or fa 
* various feeds during full periods of 80 days 


No. of cow. 

8 o-<Jay 

period. 

Feed. 

Fat. 

8 ©-day 

period. 

Feed. 

Fat. 




Per cent. 



- prr "~ 

r 

First.... 

Heavy prickly-pear . . . 


Second. . 

Medium prickly-pear. j 

3 . ft? 























do 








3 . so 



4* *5 














n 


















3.68 




] 






J-91 













do..:::::::::::;:;] 

r fit 











i It •- 





Second. . 

Medium prickly-pear.. 

4* 75 

First.... 

Cottonseed hulls 

5i8 


T dn TTTf 

do * * . 


,, ,do 

do 


. . .do 

do 

4* 31 

.. ,do 

do 

4* 14 

fl 

First 

do 1 


Second . . 

do 


. , .du 

do 

* jl 

. . .do 


4 46 


, , .do 

do 

S 

. . .do 

do 

6 jo 








•Avcrogc. 



J2 



4 91 

3 

Second.. 

Medium prickly-pear. . 

4.12 

First.,.. 

Sorghum silage 

4- 49 

S4*« 

. . .do 

do 

4* 74 

. . .do 

do 

5 . DO 


do 

, , . do 


. . .do 



T9 

. . .do 

do 

5-26 

. . .do 

do 

5-60 


dn 

do 


. do 

: do 


6 .!!!!!!!!!!!!!! 

Fii*t 

do 

4-30 

Second. , 

do 

J. 02 

9 

. . .do 

do 

3- 96 

. . .do 

1 do 

4 . 0 S 

15 

. ..do 

do 

4.12 

...do 

do 

442 

j6 

. . .do 

do 

4- 03 

. . .do 

do 

4 . 4 ft 



. . .do 


5. 16 

.. .do 

do 

6 -oi 



1 

4- SS 


' 

| 4-97 

1 






In order to ascertain the more immediate effect on the fat percentage 
of feeding prickly-pear, Table XIV has been prepared, showing a 
comparison between the last io-day period preceding the change in the 
ration and the first io-day period after the change. As stated before, 
io days were allowed between the periods for making the change. 
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XIV. 0/ prickly-pear on percentage of fat in miik 
various feeds for 10 days before and to days after the change < 


■ _ Air rages for the 

of ration 


So. of cow. 

io-day period. 

Feed. 

Fat. 

10-djy period. 

Feed. 

Fat. 


Before change. 

Heavy prickly- 

Pit d. 
3-70 

Alter change, . 


Per y>. 

1 


pear. 



pear. 

do 

do | 

do 




..do 


3- *5 ] 

....do 

Before change. 

do 

do 

3.90 

4' cj 












do 

do 

in 

4 15 

Vrme' 



3-*7 1 


4-00 


Before chance. 

Medium prickly- 

J-90 

After change. . 




do. 

pear, 

do 






After change. . 

do 




3-90 


do 

do 





n.... 


do 

5-55 

do 


4- 40 









After change . . 

Medium prickly- 

4- 80 

Before change. 

Cottonseed hulls . . 

do 



do 

pear. 

do 

4, ™ 





do 

4- 4 n 


do 

5. 20 

L 

Before change. 

do 

1 ** 



4- 35 



do 

4- w 


do 

.(• 95 


do 

do 

r /vs 

do 

do 

| 







Average, . « 



4.46 











After change. . 

Medium prickly- 


Before change. 

Sorghum silage | 

do 



do ,« - 

pear. 

do 

4- So 




do 

du 



do 


T ' 

do 

do 


do 

! do 1 


* 

do 

do 

; <! 20 

do 

! do 

j ii 

6 

Before change. 
do 

. , . , .do 

i ” * 0 

After change. . 
do 

1 do 


do 

I 

! do 



do 

do 

! 4' K 

do 

do 


16 

do 

do 

do. 

! do 

, 

’ 

iB 

do 

do 



• do 








Average. . . 



4 , 62 


1 

5. CJ 




1 ! 


INFLUENCE OF PRICKLY-PEAR ON FLAVOR OF MILK AND QUALITY OF 
BUTTER 

The milk from the experimental cows was tested for flavor almost 
daily throughout the feeding trials, and at no time was there any objec- 
tionable flavor detected. Some dairymen in southern Texas believe 
that prickly- pear injures the. keeping quality of milk. In order to 
ascertain whether there was any basis for this belief, samples were on 
three different occasions taken from cows that were receiving pricklv- 
pear and from cows that were fed hay as the only roughage. These 
samples were placed in clean bottles and kept at ordinary atmospheric 
temperature. No difference was observed in the time required for sour- 
ing, and no objectionable flavor was manifest at any time. It is prob- 
able that under ordinary farm conditions milk from cows fed on pncklv- 
pcar docs not keep so well els milk from cows fed on hay, because rnilk 
from the former is more liable to become contaminated with acid-pio- 
ducing bacteria, owing to the laxative character of prickly-pear and the 
consequent insanitary condition of the cow and stable. 
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Two tests were made to ascertain the effect of prickly-pear upon the 
quality of butter. No expert judges were available for scoring the 
butter, but the tests indicate that prickly-pear exerts little, if anv 
unfavorable influence on the flavor. Some difficulty was experienced in 
churning the cream of the cow fed on cottonseed meal, with prickly-pear 
as the sole roughage. Before butter could be made from this lot of cream 
it was necessary to raise it to a temperature of 65° F., five degrees higher 
than the churning temperature of the other lots of cream. Both the 
difficult churning of the cream and the hardness of this lot of butter 
seemed to be due to the cottonseed meal. The only noticeable effect 
of prickly-pear was the higher color of the butter (Table XV). 


Tabu? XV . — The influence of prickly-pear upon the quality of butter 


No. 1 
nf j 

COW. j 

Feed. ^ 

Tempera- 
ture of 
cream. 

Length oi 
churning 
period. 

Color of 
butter. 

j Flavor of j Hardness 
■ butter. 1 nf butter. 


Mixed, grain hay 

• F. 

58 

Minutes. 

White.... 

. i Good 

j Medium, 
Hard. 

] 3 --\ 

Cottonseed meal, prickly-pear 

65 

30 

Yellow. . . 

Good 

1 Mixed grain, liay. prickly-pear 

60 

14 

Yellow. . . 

Good. . , . 

' Medium. 

8 

Grain, hay 

60 

12 

White. . - , 

. j Gixjd 

i Medium. 


EFFECT OF FEEDING PRICKLY-PEAR ALONE AS ROUGHAGE 

Cow 13 was placed on a daily ration of about 4 pounds of cottonseed 
meal and as much prickly-pear as she would eat. This ration was 
continued for 371 days. During this time she consumed a total of 
1,428 pounds of cottonseed meal, an average of 3.85 pounds a day, and 
41,730 pounds of prickly-pear, an average of 112.5 pounds a day. At 
the beginning of this period the. cow weighed 737 pounds, at the close 
696 pounds, a loss of 41 pounds. During this time she produced 1,045 
pounds of milk, containing 54.5 pounds of fat, and gave birth to a calf. 
Soon after being placed on this ration containing only prickly-pear as 
roughage her coat became rough, she scoured badly, and gave other 
evidence that she was not properly nourished. After 371 days of feeding 
on prickly-pear and cottonseed meal, the latter was withdrawn from 
the ration and prickly-pear alone was continued for 80 days. Dur- 
ing this period she consumed a total of 9,919 pounds of prickly-pear, an 
average of 1 24 pounds a day, and produced but 24 pounds of milk and 
1. 1 pounds of fat, as her milk production was very low and she was 
dried up within 10 days after the beginning of the period. During this 
80-day period she lost 24 pounds in weight. A ration of mixed grain, 
sorghum hay, and prickly-pear was then given to her, Within a week 
she stopped scouring and improved rapidly in appearance and condition. 
Apparently there were no permanent ill effects from her extended ration 
of prickly-pear. 

Cow 1 was fed an average daily ration of 5 pounds of cottonseed meal 
and 1 4 1. 7 pounds of prickly-pear for a period of 170 days. 'Ihis cow 
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weighed 850 pounds at the beginning and 851 pounds at the close She 
produced 2,204.8 pounds of milk and 87.76 pounds of fat. DurimMhe 
preceding year, under similar conditions except for feed, she produced in 
the same length of time 1,522.4 pounds of milk and 58.98 pounds of fat 
Her feed during the first year consisted of mixed grain, ha)-, and priclclv- 
pcar. Owing to better physical condition at time of parturition, all the 
cows used for the first year's work gave an increase of both milk and 
butter fat during the second year’s work. However, the percentage 
of increase of cow 1 was double that of the average of the remaining 
cows. This cow remained in good condition all the time and appeared 
to be as well nourished as the preceding year. Like cow 13, she scoured 
badly, but ceased to do so when the character of the ration was changed. 

It is evident that there is a great difference in individual cows in 1 heir 
ability to subsist upon a ration containing prickly-pear as the sole 
roughage. Cow 1 always ate prickly-pear with great relish; cow 13 
always ate it reluctantly. In fact, these two cows perhaps repre- 
sented the two extremes as regards their appetite for prickly-pear. 
It is evident that the matter of payability is an important consid- 
eration in determining whether or not to feed a ration containing prickly- 
pear as the sole roughage. 

Summing up the results obtained witli these two cows, it was found 
that both scoured badly but that neither was pertnanentlv iuiured in 
any way. One of them thrived, while the other did not. The explana- 
tion offered for this is the difference in the individuality of the two cows. 

It may not be wise, however, to feed any cows exclusively on prickly- 
pear, as it may cause an obstruction of the intestine and the death 
of the. animal. Cow 2, which was fed 120 pounds of prickly-pear each 
day, became ill following the experimental work, and after seven days 
of feeding on prickly-pear alone refused to eat feed of any kind. Prior 
to being fed on prick ly-pcar alone this cow was on a ration of 120 
pounds of prickly-pear, 5 pounds of sorghum hay, and 6 pounds of mixed 
grain a day for a period of 15 da vs. Her illness was diagnosed as an 
obstruction of the intestine, and every effort was made to remove it. 
When a post-mortem examination was made, a lightly compressed 
mass of fiber about the size of a goose egg was found at the beginning 
of the small intestine. In addition, there was a large amount of undi- 
gested fiber closely matted together in the fourth stomach. No other 
animals suffered from any trouble of this sort, although three other 
cows were fed a ration of prickly-pear only, and at different times dur- 
ing these experiments seven were fed a heavy prickly-pear ration. 

INFLUENCE of the mineral, matter contained in prickly-pear 

Prickly-pear contains a large amount of mineral matter, which no 
doubt is responsible in part for the well-known laxative nature of the 
Plant. While in ordinary feed practice this high content of mineral 
matter is perhaps of no advantage, it may be desirable if the remain er 
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of the ration is deficient in mineral matter. Cows producing | ar , re 
quantities of milk require considerable mineral matter, especially cal- 
cium; and as some feeds, like cottonseed hulls, arc low in mineral ele- 
ments, it is thought that prickly-pear is a valuable supplement to 
such feeds. Cow 5, a strong, vigorous, high-producing animal, when 
fed a ration with cottonseed hulls as the sole roughage, became so ill j. n 
about 10 weeks that it was necessary to change her ration. She showed 
an abnormal appetite for common salt (sodium chlorid) and upon moving 
about: groaned as if in pain. The treatment ordinarily administered 
for cases of indigestion afforded no relief, but upon the addition of 
prickly-pear to her ration she recovered promptly. Cows producing 
smaller quantities of milk and possessing less robust constitutions, 
although fed in the same way, remained unaffected. These facts suggest 
that this cow suffered from a deficiency of mineral elements in her ration. 


EFFECT OF FEEDING PRICKLY-PEAR UPON THE OFFSPRING OF DAIRY COWS 


In order to determine the effect of prickly-pear upon the offspring, 
the herd was divided into four groups as soon as the feeding experiment 
was finished. The first group was fed sorghum hay alone as a roughage; 
the second, sorghum hay with a medium amount of prickly-pear; the 
third, sorghum hay with a large quantity of prickly-pear; and the 
fourth, prickly-pear alone. Grain was fed in such amounts as were 
necessary to put the cows in good condition at the time of calving 
The grain ration of the cows receiving prickly-pear alone as rough- 
age consisted entirely of cottonseed meal; the cows in the other groups 
received the same grain mixture that was used in the feeding experi- 
ment. Except for a period of two or three weeks, when some of the 
animals were on digestion trials, these rations were continued until the 
cows freshened, making a period of about five months for each cow. 

Table XVI gives the numbers of the cows in each group, the character 
of their rations, the length of the gestation period, weight of the dam, 
the sex and weight of the calf, and some brief notes on the condition of 
the calf at birth. 


Table XVI— Effect of feeding prickly-pear upon the offspring oj dairy cots 


Condition, of call. 


i 

No. of. 
cow. j 

Roughage rs. 

! 

Prickly-pear alone. 

do 

13 


3 

Heavy prickly-pear. . 

s 

4 

6 

i do 

| Medium prickly-pear 

1 do 


11....: do 

8 Ku prickly-pear. 



[Pounds'. 

48 I Weak., died of white 
1 scours. , 

48 I /Twin calves, both small 
but vigorous. 

1 Fair. 

Bie- honed, weaa. 
Strong. 

Do. 

Do. 

Small-boned, vigorous. 

Small weak, grew 
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All the cows, except No. 13, were in good condition at tin* time of calv- 
it)g) a nd their general health returned to normal within a short time, 

^ small part of the afterbirth was retained for 4S hours by cow 3, 

* It may be noted that all the calves were rather light in weight as com- 
pared with their dams at the time of parturition, but only a few were 
lacking in vigor. The calves were taken from their dams within 24 hours 
afterbirth, and all received the same feed and care. With the exception 
0 { the calf from cow 13, they grew normally and no trouble was experi- 
enced from scours or from any other calf diseases. Cow 13 calved about 
three weeks later than any of the others. She was in poor condition at 
the time, as she had been getting a ration with prickly-pear as the sole 
roughage. Her calf developed white, scours and died within a short 
time. 

The data obtained are too meager to admit of positive conclusions, 
but it appears that prickly-pear has no great influence on the size and 
vigor of the offspring, at least when supplemented with some dry 
roughage. 

EFFECT 0 ? COMMON SALT ON THK LAXATIVE PROPERTY OP PRICKLY-PEAR 

Some feeders of prickly-pear in southern Texas make a practice of 
adding common salt to the ration, with the object of lessening its laxa- 
tive property. The fact that prickly-pear contains a relatively small 
quantity of sodium made it appear possible that there is some basis for 
this belief. In order to test this matter, one cow was fed a daily ration 
of 150 pounds of pricklv-pear, 4 pounds of sorghum hay, and 4 pounds of 
a grain mixture of com meal, wheat bran, and cottonseed meal; another 
cow was fed a ration of 150 pounds of prickly-pear and 4 pounds of 
cottonseed meal. 

Sodium ehlorid was scattered over the chopped prickly-pear, using 
}A ounce to each cow on the first day and increasing the quant it \ at the 
rate of ounce a day until the cows refused to eat the feed. One of the 
cows refused to eat* prickly-pear when 4# ounces of common salt a 
day were added to it; the other refused her feed when 6 # ounces had 
been scattered over the ration; but both animals readily ate unsalted 
prickly-pear whenever it was offered. Both cows were fed for four days 
on prickly-pear salted to the maximum amount for each animal. No 
apparent change in the character of the feces was noticeable as the result 
of feeding the salted ration. Until the maximum quantity of common 
sail was reached, both cows seemed to have a better appetite or 
prickly-pear, and they drank a small quantity of water each niorriui^, 
which they did not always do when common salt w »s not et . n 
test was repeated, using the same cows and feeding them in t e same 
manner as before, with similar results. The two tests in ic ^ te w u ' 
addition of sodium clilorid to a ration of prickh -pear will ia\e c I 
preciable effect on the laxative properties of the plant. 
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EFFECT OF FEEDING PR1CKEY-PEAR ON THE QUANTITY OF WATER DRU • 
BY DAIRY COWS 

Prickly-pear grows readily in semiarid regions, where the water sup j v 
for cattle is often a serious problem. It has such a high water content 
that it was thought to be of interest to ascertain the quantity of 
water drunk by animals fed with prickly-pear. In November, i 91I a 
short test was conducted for this purpose; the amount of water drunk 
by the different animals was recorded for a period of three days, the cows 
being watered twice daily. Later, in May and June, 1912, while con- 
ducting some digestion trials, the quantities of water drunk bv the 
animals used in these trials were also weighed. The results arc given in 
Table XVII. 

TabiE XVII. — Effect of feeding prickly-pear upon tke am.ount of ’water drunk hy dairy 

COU’S ' * 


Date. 

Length 
of period. 

N amber 

Feed. 

daily 
amount 
ol water 
drunk 
hy each 


Day*. 


Saw prickly-pear 

■ Piwnds, 

i 

Do 


3 

Medium prickly-pear 

l S 

■ 3 * 

| 

| « 

Do 



Sorghum hay 

Do 

Miy, 1912 

3 


Prickly-pear atoue 

Sorghum hay 

May and June, 1912 . 

10 

4 

Medium prickly-peaf 

June, 1912 

10 

2 

Heavy prickly-pear 

! 3 

May and Jutic, 1912 

10 

2 

Prickly-pear alone 






1 


The warmer weather at the time, the digestion trials were made caused 
an increased consumption of water by the hay-fed cows, but not by 
those heavily fed with prickly-pear. The results of these two trials 
indicate that prickly-pear may be of special value in case of shortage 
of water. It is possible that animals fed a heavy or an entire roughage 
ration of prickly-pear can subsist for a considerable time without 
water. During the 3-day trial the cow getting a roughage ration 
entirely of prickly-pear drank no water, and the heavy-ration prickly- 
pear group drank but a small quantity. During the longer period the 
cows on entire prickly-pear and heavy prickly-pear rations drank very 
little water, although it was freely offered to them. 

EFFECT OF NORTHERS ON COWS FED WITH PRICKLY-PEAR 

Southern Texas, where this experiment was conducted, is subject 
during the winter months to sudden and decided drops in temperature, 
accompanied by strong north winds, locally called “northers.” During 
the early part of the winter it was noticed that the cows receiving the 
heavier prickly-pear ration were apparently more sensitive to these 
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sudden changes of temperature. The effect of feeding the different, 
rations during severe weather will be readily noted in Table XVIII 
and also graphically in figure 1. It will be seen that the cows fed heavy 

rations of prickly-pear 

showed an average h j$ 

decrease of 7.50 P e * 
cent in their milk pro- 
duction on the days of 
the northers, the cows 
fed medium rations a 
decrease of 4-°3 per 
cent, while the milk 
of cows that re- 
ceived no prickly-pear 
in their ration de- 
creased but 1.92 per 
cent. These data in- 
dicate that the cows 
feeding on prickly-pear 
were more sensitive to 
cold weather than 
those receiving hay 
and that the larger 
quantity of the plant 
caused the greater sen- 
sitiveness. That the 
greater decrease in 
production of the 
prickly-pear-fed cows 
is due entirely to the 
change in temperature 
is more apparent when 

it is noted that all the cows returned to practically the same percentage 
of their normal production on the second day following the northers. 
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HEMr RATION Pfr/CKLY-P£Afi GROUP. 

, . Effect of northers upon yield of milk by cows fed wil h different 

rations. 


Table XVIII— Effect of 13 northers upon the milk yield of covs fd with prickly-pear 
and hay 



Average total milk yield per group. 

Percentage of decrease from 
day before mother. 

Group. 

Day 

liefore 

uorthcr. 

Day of 
norther. 

First 
day after 
norther. 

Second 
day after 
norther. 

„ f First 

] day after 
norther. | nljr tj lt r, 

Second 
day after 
norther. 

Heavy prickly-pear 

Meumm prickly-pear 

Sottbum hay „ 

Pounds. 

I *07. 9 

260.3 
sio 1 

Pounds. 

192-3 

249. B 
224 - T 

Pounds. 

253 - 6 
221. 8 

Pounds. 
203.2 
254 - 7 
224-3 

Ptt cent. \ Per (ent 

7. $0 i 3 ‘ ' 0 

4.03 ; *S 7 

j I. 9J : 3-19 

Per cent 

2. *£> 
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USE OF pricki/v-pear for maintenance of DRY cows 

At the close of the first year’s work a number of maintenance trials 
with dry cows were conducted, using the several roughage rations f t ,i 
during the first year’s work. In all these trials cottonseed tneal was the 
only grain fed. A summary of the results is given in Table XIX. 


Table XI X.— Results of teats showing the value of prickly-pear as a maintenance rat!**, 
for dry dairy cows ° n 



In conducting the trials in which both prickly-pear and sorghum hay 
were fed, the cacti as well as the grain were supplied in fixed quanti- 
ties, and the sorghum hay was fed in addition in such amounts as to 
control the body weights. In those trials where prickly-pear was the 
sole roughage, 120 pounds of prickly-pear a day were fed at the begin- 
ning; but later it was found necessary to reduce this quantity to control 
the body weights. The results of these trials show that mature Jersey 
cows can be maintained on a ration of 3.5 to 6 pounds of sorghum hay 
and 60 to 105 pounds of prickly-pear, with 1 pound of cottonseed meal a 
day. If prickly-pear is used as the sole roughage, it will require about 
no pounds of that plant with an increase of cottonseed meal to 2 
a day. 

In order to ascertain the possibility of using prickly-pear without 
supplementary feed as a maintenance ration a second trial was con- 
ducted with cow 13. Prickly-pear was fed to this cow in as large 
quantities as she would consume, the feeding being continued in this 
manner for 70 days. This cow was in poor condition at the beginning of 
the 70-day period, and during the period she lost 30. 2 pounds. It appears 
from this trial that prickly-pear alone is not a satisfactory maintenance 
ration, but that it will keep an animal alive for a considerable time 
where there is a shortage of or total absence of other feed. 

method and cost op harvesting pricxey-pear 

The cost of harvesting prickly-pear can be only approximately deter- 
mined, as so much depends upon local conditions. Before the spin} 
varieties of prickly-pcar can be fed they must be treated in such manner 
as either to remove or soften the spines. The most common metho ot 
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removing them is by means of singeing with a strong gasoline torch, as 
shown in Plate LXI, figure i , or by burning the spines off over a brush 
firC) if but a small quantity of pricklv-pear is to be fed. Chopping 
machines have been used with some success to render the spines practi- 
cally harmless, but the practice of singeing with the gasoline torch is 
economical in both labor and the greater utility of the prepared feed 
(4. p- 1 3)- usin £ the gasoline torch in an average of three trials at 
Brownsville, Tex., by the Bureau of Animal Industry, it was found that 
50 minutes’ time and 1 X gallons of gasoline were required to singe 1 ton 
of the spiny prickly-pear. These trials were conducted with a 2-vear 
growth of the plant that yielded at the. rate of about 80 tons an acre per 
annum. With the class of labor obtainable and the price of gasoline at 
that time, it was estimated that prickly-pear could be singed at a cost 
of approximately 50 cents a ton. 

There are two methods of feeding prickly-pear from which the spines 
have been removed : The cattle may graze the standing plant down to 
the heavier stems or it may be cut down and hauled to the feed lots. 
The first method requires less labor, but is more wasteful and is not advis- 
able, especially with a cultivated plantation, unless the supply of prickly- 
pear is plentiful. If the cacti are removed to feed lots, the cost of feeding 
will depend upon the proximity of the lots and the accommodations for 
feeding. One man with a team can haul and feed from 3 to 6 tons a day 
(PI. LXI, fig- 2, and LXII, fig. 1). 

A test on a small scale showed that prickly-pear was not suitable for 
making silage. At the end of 30 days only the smalt spines had been 
softened; furthermore, the cows would not eat it. 

COMPARATIVE VALUE OF SPINY AND SPINELESS PRICKLY-PHAR 


The spineless varieties of prickly-pear are relatively free from thorns 
or spines. They have practically the same chemical composition as the 
spiny varieties and are probably of equal value for feeding purposes. 
However, they are less hardy than the spiny varieties and more subject 
to injury from low temperatures, so that the area in which they can be 
successfully grown is much more restricted than that of the spiny varie- 
ties. But little accurate information is obtainable as to the }ield of the 
spineless varieties. In work conducted at Chico, Cal., by one of the 
writers (6, p. 9) an annual yield of from 20 to 25 tons an acre was obtained. 
These yields were obtained with expert cultivation and by maintaining a 
perfect stand. At Brownsville, Tex., where the work reports. 1 ^ ' 

paper, was conducted, there is no authentic record 0 tie \u ( w . 
spineless varieties. It is known, however, that because of msec b « 
low temperature the yield is much less than that of t ie natn c spi 
The. spineless and the spiny varieties arc apparent!} 0 (.qua <. 
milk production. During the latter part of the second year k « 
spineless prickly-pear was substituted for the spiny m the ration * 
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the cows fed 'with this plant. There is apparently some difference in 
taste between the raw spineless and the singed spiny prickly-pear, as some 
of the cows ate the former with somewhat less relish for the first few days 
after the change was made. This was likewise true when the spiny 

prickly-pear was again fed, but in both cases the two varieties were eaten 

with equal relish after the first few days of feeding. No change in 
production or body condition was caused by the change in the kind 
of prickly-pear fed, and the spineless had the same laxative effect 
as the spiny variety. 

The cost of harvesting and feeding the spineless kind would differ from 
that of the spiny varieties only in the cost of singeing. The spineless 
prickly-pear, unlike the spiny form, could not be harvested by grazing 
for the amount to be fed daily could not be controlled, as is the case 
with the spiny forms. The waste of feed and dest ruction of plants bv 
stock in the field would be so great as to make that method of harvesting 
less economical than cutting and hauling the cacti to a feed lot. 

SUMMARY 

The average analysis of prickly-pear fed in these experiments was 
as follows: Water, 91.30 per cent; crude protein (N X 6.25), 0.58 percent; 
albuminoid protein, 0.29 per cent; ether extract, 0.12 per cent; nitrogen- 
free extract, 4,67 per cent; crude fiber, 1.16 per cent; ash, 1.76 per cent. 

Prickly-pear was found to be a very palatable feed for dairy cows, 
even when it formed the major part of the roughage ration, and 100 to 
150 pounds were consumed per cow per day. 

The prickly-pear ration caused an increase in the quantity of milk 
produced, a decrease in the percentage of fat in the milk, and a decrease 
in the total production of fat. The reduction in the percentage of fat 
became more pronounced as the quantity of pricklv-pears in the ration 
increased. 

Assuming the feeds to have these percentages of dry matter — prickly- 
pear, 10; sorghum hay, 80; sorghum silage, 25; and cottonseed hulls, 
90 — and considering the nutritive values to vary in direct proportion to the 
content of dry matter, i pound of sorghum hay was equal to 15.9 pounds 
of prickly-pear when that plant was fed in large quantities and to 
[0.1 pounds of prickly-pear when it was fed in moderate amounts. One 
pound of sorghum silage was equal to 2.6 pounds of prickly-pear, and 
1 pound of cottonseed hulls was equal to 5.8 pounds of prickly-pear. 

When prickly-pear in moderate amounts was substituted for a 
part of the dry roughage, it appeared to have little effect on the 
digestion of the other ingredients of the ration; when substituted in 
large amounts it depressed the coefficient of digestion, although not to 
any great extent. 

As the result of maintenance trials conducted during these experiments, 
it is believed that mature Jersey cows can be maintained on a daily 
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ration of 3-5 to 6 pounds of sorghum hay, 6o to ioo pounds of p,irkU- 
pear, and i pound of cottonseed meal a day; or, with prickly-pear as 
the sole roughage, about i io pounds of that plant and 2 pounds of cotton- 
seed meal. Prickly-pear alone did not make a satisfactory maintenance 
ration, but sustained life for a long time. One cow that was fed prieklv- 
pear alone for a period of 70 days lost 30.2 pounds live weight. 

The average coefficients of digestion in two trials with pricklv-pear as 
the sole ration were as follows: Dry matter, 61.58; ash, 38.37; crude 
protein, 71.56; crude fiber, 42.98; nitrogen-free extract, 71.55; other 
extract, 65.88; organic matter, 67.21. 

Payability was apparently an important factor in feeding prickly- 
pears as the sole roughage. One cow that ate prickly-pear with relish 
did as well on the ration when that plant was the sole roughage as when 
some dry roughage was included. Another that ate prickly-pear 
reluctantly lost in weight. In one case feeding prickly-pear alone 
caused the formation of an obstruction in the intestine and the death of 
the animal. 

The feeding of prickly-pear produced a highly colored butter, but had 
no appreciable effect upon the flavor or keeping quality of the milk. 

Prickly-pear had a decidedly laxative effect on the cows, although there 
seemed to be no permanent ill effects even after long-continued feeding. 
The addition of common salt (sodium chlorid) to a ration of prickly-pear 
even when added in large, amounts, 4 to 6 ounces a day to each cow, had 
no appreciable effect upon the laxative property of the plant. 

During an experimental period of 10 days cows receiving a heavy ration 
of prickly-pear drank 110 water, those receiving a medium ration drank 
an average of 44.3 pounds of water per day, while those, on a roughage 
ration of sorghum has' drank a daily average of 95 pounds. 

As measured by milk production cows fed prickly-pear were more 
sensitive to northers than those which received a dry roughage. The 
greater the quantity of the plant consumed the more sensitive the animal 
becathe. 

The prickly-pear raLion appeared to have no great influence upon the 
size and vigor of the offspring or upon the condition of the cow after par- 
turition. 

The cost of harvesting prickly-pear depends largely upon local condi- 
tions. During these experiments it was found that the spines could be 
singed at a cost of about 50 cents per ton. 

There was no great difference between the spineless and the spiny 
varieties of prickly-pear in composition, payability, or feeding \alue. 
While the cost of harvesting the spineless was less than that of tin spins 
varieties, the latter yielded a greater tonnage to the acre at Brounsu e, 
Tex., and were not so subject to injury from insects, ihe spiny \ arietu.s 
are hardier and can be grown in a much greater area than the spine ess. 
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These experiments were conducted for periods long enough to show 
conclusively that prickly-pear is a good and palatable feed for dairy 
cows. It is best to feed the plant in medium quantities, 60 to 75 pounds 
a day to each cow. When fed in large amounts, 1 20 to 1 50 pounds a day 
it causes an excessive scouring and a very insanitary condition of the 
stable. On account of the high content of mineral matter, it is thought 
that prickly-pear may be of special value as a supplementary feed for 
use with other roughages of a low mineral-matter content, such as 
cottonseed hulls. 

literature cited 

(1) Armsby, H. P. 

1909. The computation of rations for farm animals by the use of energy values 
. U. S. Dept. Agr. Farmers’ Bui. 346, 32 p. 

(2) Ecki.es, C. H. 

1913. Nutrients required for milk production. Mo. Agr. Exp. Sta. Research 
Bui. 7, 140 p. 

(3) Farrington, E. H., and Wou,, F. W. 

1911. Testing milk and its products, ed. 20, 297 p., 61 -fig., 25 tab. Madison* 
Wis. 


(4) Griffiths, David. 

1 905. The prickly pear an d other cacti as food for stock . U, S. Dept . Agr. Bur, 

Plant Indus. Bui. 74, 46 p., 5 pi. 

( 5 ) * 

1906. Feeding prickly pear to stock in Texas. U. S. Dept. Agr, Bur. Anim, 

Indus. Bui. 91, 23 p., 3 pi. 

( 6 ) - 

1912. The thornless prickly pears. U. S. Dept. Agr. Fanners' Bui. 483, 20 p., 
4 fig- 

(7) Hare, R. F. 

1908. Experiments on the digestibility of prickly pear by cattle. U. S. Dept. 
Agr. Bur. Anim, Indus. Bui. 106, 38 p., 1 fig., 1 pi. 

(8) Henry, W. A. 

1910. Feeds and feeding . . . ed. 10, 613 p. Madison, Wis. 

(9) Mehta, P. R. 

1904. Prickly-pear and aloe as fodder for cattle, during scarcity. Dept. Land 
Records and Agr. Bombay, Bui. 22, 1903, 3 p. 

(10) Sotgia, Giuseppe. 

1900. Studio chimico-zootecnico circa i 1 * rationale imp iego dclle palette rii fico 
d' India nell' alimentazionc dclle vacche da latte in Sardegna. In 
Staz. Sper. Agr. Ital., v.33,fasc.2,p. 113-167. 



, 6 , i9i5 Prickly-Pears as a Feed for Dairy Cow 

Table XX.— Mitt production ( first year): 1’rUhly-pnr »« se^hurn hay 

FIRST PERIOD (8o days) 


ol COW. 

Coup. | 2“ 

Faiin 

Average 

percent. 

milk. 

Total 

amount. 

Averase 

specific 

gravity. 

Tot aI 
solids. 


; Pounds. 

Heavy prickly-pear 806. 7 

do ; 1.426.4 

Per uni. 
3.88 
3.83 
3-9 3 

Pounds. 

31-34 

54-57 

58.96 

1.0327 

Pounds. 

!&?; 

lyj-s? 

475- 97 

T;i 

j ms. 91 

1 630, 82 

j 256 80 

1 ISS. CT 



3-90 1 144*87 



Medium prickly-pear 1 , 332. 0 

do 2.093.6 

4.92 i (15.49 

4- IS ' 8b. yj 

4-3* : 54-07 

1. 0327 

1.0324 
t- 0332 


do 1,251.0 

Total 

i 4-676.6 

4.42 206. 53 



Medium prickly-pear 2 , 055. 1 

do ' 1.48*. 0 

3* Vi ! So. 27 
.v6s : 54.83 

1 • 03 ’ 2 

Total . . . . 


3- 81 ' 135. 10 

1 

j 444- 81 


Sorghum hay ; 1.394.4 

.^...do i 1.734-4 

4. 24 ; 59.06 

4.5* : 78.34 

S-88 ! 87.15 

j 1* 0329 

1.0335 

1.0347 

J 185-9.5 

S35- 30 
433.6 j 


do 1 M^-S 

Total 


4-87 

j 224. 55 

i 654.87 



! Prickly-pear alone 575.6 

5. 06 

| *.n 

j r.03.-j j 81.37 


SECOND PERIOD (80 DAYS) 


, 

Meilium prickly-pear 

637. 6 
i . 288. 4 
1.280.8 

3.87 

24. 67 

52- 65 

53- 59 

1. 0314 79-69 

1-0317 , 165.38 

I.0325 ! 170.99 


do. 

Total 


3.206.8 

4- 14 

132. 91 

416.06 


Heavy prickly-pear ‘ . 

1,133.1 

2.248.* 

3-76 
3. 86 

84. 54 
4097 

t.037I 150. I J 

I.03H i jK». j6 

1.0327 : 136.13 

7" 



Total 



4.442.3 

3-93 

174. 76 

568.41 

8 | 

Sorghum hay 

do 

1 l "*‘- 9 

1 1.472.9 

4- n i 72.25 
3.97 i 58.44 

1.0,303 220 09 

1,0324 ! l8().53 

Total.... 

Medium prickly-iiear 

do 

| 3.2308 

4. 04 i 130 69 

1 4°9- 61 

1 - 230 9 
1,622.9 

1.532.0 

3. 78 : 46- 49 

3. 77 6r. 24 

1-0325 | 155- 9S 
I.OjJ9 ! 203.08 


do 

5. 37 82- 25 1 I- 0341 ! “9.79 

Total 


4-385-8! 4.33 289.9s| 1 588. ?B 

13 

Prickly-pear alone 

! 392.0 | 3-4* 

21-44 1 I- D 3 IJ 56-37 
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Tablb XXL — MUk production ( second year): Prickly-pear versus sorgkum silage 

FIRST PERIOD (Bo DAYS) 


No. of cow. 

Group. 

Total 

milk. 

Fat in milk. 


■ 

Average 

percent- 

age. 

Total 

amount. 

specific 

gravity. 

Total 

solids. 











Pounds. 

Per cent. 

Pound:. 




Sorghum silage 

1,660.0 

4.49 

74-84 

I.032I 



do 

i,t8j. 5 

5.00 

59- 26 

1-033* 



do 

1,889.3 

5*13 

97-OS 

J - 0335 



do 

1. 70S- 6 

5.60 

too. 57 

I* 0339 


on 

do 

It 1 10- I 

5- Si 

61. 14 

1.0331 









Total 


7-638.5 

5- 14 

392.86 


J-3S3.9S 

6 

Prickly-pear 

1. 640. 4 

4-39 

72- II 

1-0331 

T7T = 


do 

2.364- s 

3-96 

93- 70 

1.0311 



do 

457* 1 

4. 12 


1-0316 

[S6.J: 


do 

1,830. 1 

4**3 

73* 78 

3.0326 


iS 

do 

1,512-0 

5* 16 


1. 0322 

! <j- 34 

Total. . . . 


8. 804. 1 1 

4. 29 

377-68 




SECOND PERIOD (8o days) 





Prickly-pear 

1, 642, 9 

4.12 

67. ?r 

i 

1.0338 

aij-r 

j , 


1 . 00c. 1 

4- 74 

SO- 34 

x.0341 




1.763.8 

4-79 

84.46 

1. 0349 

1 3 y,' .[ 

1*} 


J,J20. 2 

5. 26 

79.96 

1.0351 

i 229. 10 


1 do. 

830. 6 

4.92 

40.94 

1. 0340 

119. 85 

Total... 

; 

6, 817. 6 

4-74 

323-41 


975.87 

6 

I Sorghum silage 

1,310.8 

5-Oi 

65. B? 

r. 0347 

i 193-01 

Q 

! do - ■ 

1,990. 1 

4.08 

81-36 

i- 033S 

! 264.35 



1,083. 1 

4.42 

47.91 

1.0343 


j6 


1,976. 7 

4.46 

86.28 

1.0340 

i 27-1.25 

18 

! do 

1.288.3 

6.01 

77. 50 

1. 0339 

1 203. 59 

Total 

! ‘7.649.0 

4*72 

360. 9* 


■; 1.08.974 


Table XXII . — Milk production ( second year): Prickly-pear versus cottonseed hulls 

FIRST PERIOD (80 DAYS) 


1 

No. of cow. Group. 

Total 

Fat in milk. 

■ 

Average 

specific 

gravity. 

Total 

solids. 

Average 

percent- 

age. 

Total 

amount. 


Pounds. 

2, 498. 1 
1.805. 7 

Per cent. 
5. 18 
S-°3 
4.44 

Pounds. 

91.86 

125.83 

80.31 

1. 0323 

1. 0328 

1. 0334 

Pounds. 

356. Tj 
247- 52 

a ! do 


4-90 

298. 00 


j S?7- 44 



3-9S 

4,17 

5- 72 

92. '6 
87-69 

109. 55 

1.0311 
i- 0330 
1.0358 

I 293- I* 

27$. $T 

| 3^-33 



2- 100- 2 
1*913.9 

, 

do 

Total 


4-56 

289- 80 

1 

St?- 26 

j ^ 




1, 089. 2 

4.11 

4- 56 

44- 7s 
1. 10 

j 1-0331 

J 1.02S: 








T<>tal 

! 

! . — 


Period. ;o days. 


& Period, io days. 
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TAB te XXII .-Milk p„iKti M (momt year,: Prickly-pear :„ mto i lmsttyl hulls _ Cm 

SECOND PERIOD (So DAYS) 


So. of cow. 

Group* 

Total 

milk. 

Pot in milk. 

Average ! T 
pet cent- Total 

ajjc _ anmunt. 

Average . v 
spcciiir ■ 
gravity. ; 


Prickly-pear 

Pounds. 

Perctnl. . Pounds. 
4' 75 1 to 37 

/hlUJlll.'. 

*• n 33t 177.53 

i. 0529 ; 2So. e> 7 

I. Oj i ! ibo, jg 

5®-- 

! do 

"!;S» 

4-43 . 91.59 

Total 


l ’ 

L ----= 


Cottonseed hulls 

I’ 744" 7 

i ~~ — H 




ri — i 

, ,.do 

do 

1.683.4 

i 4-4<j ’ 75-18 

| 6- *9 I 109. II , 

1-0337 ■ Iii- 73 

I-Ojja 239. jH 

1 1.0550; sS;. jR 

Total 


5. 189. 8 
981. S 

! 4-97 1 258.10 

j 3’83 | 37-86 



Prickly-pear alone. 

1 73“ 39 





| i. ojjS i 121;. fctj 


0 Period, :o day* 


TABLE XXIII— Feeds and body weights ( first year): Prickly-pear versus sorghum hay 

FIRST PERIOD (So DAYS) 


— - — 










Feed consumed. 

Body weight. 

Xo. of cow. 

Group. 

Grain. 

Sorghum 

Prickly- 

Initial 

Final 

Cain. 



hay. 

pear. 

weight. 

weight. 



Pounds. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Pountis. 

. 

Heavy prickly-pear 

314.0 

296. j 

11,629 

823,6 

833 - 8 

10. 1 


. do 


433-5 
447 > 5 

11, 60S 

68;. 8 


32.4 


do 

553-0 


751.6 

773 -8 

Total 


1.380.0 

1 - 777-5 

34.451 

2.263.0 

2 - 527-8 

64.8 


Medium prickly-pear 

623.0 

7 ’ 7 -S 

5 - 9 IS 

766,4 

780.0 





i,oi 6- s 




46.8 


do . 

509.0 

66;. 0 


J 3 .V 6 


.»•» 





Total 


1.923-0 

2.401.0 

17.795 

2.215.2 

2-309.4 

94.3 

g 

Medium prickly-pear 

' y 

676.5 

I 5.940 

712-0 

753-0 

1 ii"“ 

9 

do 

535 - 6 

645.0 

1 5-940 

1 603. s 

646.8 


Total 


: 1 , 283-0 

j 1 . 3 ”. 5 

j 11.880 

i I. 315-5 

1.389-8 

; 74.3 


Sorghum hay 

^0 1 1 

566- 3 

1 ,-o 0 


j 567-5 

608.0 

f 4 M 




1.3580 

1 I. 557 -S 


| 676.6 

1 747-0 

701.6 

2 v 0 

I! 

do 

' 79 J.O 


743-0 

; 26,0 

Total 

i j.wtt.o! 4.165-5 


! 1.961. 1 

j 2.052.6 

91-5 

13 

Prickly-pear alone 

• "320.0 


r- 

| 7569 

Li a : 

. -8.6 


»CoUonseed meal. 

96502" — 15 5 
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Table XXIII -Feeds and body weights (first year): Prickly-pear versus sorghum kn* 
Continued 

SECOND PERIOD (80 DAYS) 


1 

Feed consumed. 

Bodjr weight. 

No. or cow. 

woup. 

Grain. 

Sorghum 

hay. 

Prickly- 

pear. 

Initial 

-weight. 

Final I 
weight. ! 


Medium prickly-pear 

Pounds. 

268.2 

570-4 

614-0 

Pounds. 
61*. 0 
771.0 
730*5 

Pounds. 

4,800 

4.800 

4.800 

Pounds. 
782.0 
690. 8 
743*8 

Pounds, j Pounds 

e;l 

738.8! .. 


do 

Total 


1,452.6 

2,113.5 

14-400 

2,216.6 

_ 2.213.2! - 3 ; 

4 

Heavy prickly-pear 

508.0 

863.0 

419.0 

2 * 5*5 
427*5 
28*. 5 

*,567 

9-983 

8,698 

804. 4 
B13.8 
771-0 

812,*! / 

832.6 ! ik 

6 

do 

Total 


1 * 790-0 

607- 7 

995.5 i 27.248 

2,389-2 

1 

8 

9 

Sorghum hay 

do 

1.192-0 1 

D204.5 ! 

751-2 

646.0 

Total 


1 - 379 * 1 

| 2 . 396-5 ' 1 - 397-2 ( 1,381.3 j 

» 

Medium prickly-pear . . . . 
do 

464- 4 

6l5.2 

i 809.3 

652.5 j 4 * 800 

1 635.0 i 4,800 

j 762.0 ; 4.800 

712-0 

713-8 1 

| 763.6 I 6 

Total 

■ I,888.9| 2.049.5’ 14*400 | 2.0J9.J 

j 2.201.6 1 T 

13 

rrickly-pcar alone 1 3*0.0 j 1 9-031 | 729-4 

-13 


Table XXIV Feeds and body weights ( second year): Prickly-pear versus sorghum silage 

FIRST PERIOD (SO DAYS) 


No. oi cow. 


Feed consumed. 

Body weight. 

Group. 

„ . 1 Cotton- 

Cram. | SPwihulIs 

Prickly- j Sorghum 
pear. ! silage. 

Initial 

weight. 

Final ' n - 
weight . - Gatll ‘ 



Pounds , i Pounds . 

Pounds . : Pounds 

Pounds . 

Pounds . , PohjiJ;. 


Sorghum silage. . 

73 1 • 800 


731-8 

V * 1 « ^ « 




1.963.0 

799.O 

SJ1. S ; 5 *. 8 




i 2.182.5 

764-4 

78 l ).4 ■ 23.0 


do 

1,027 i 674 

1 *-<* 5-0 

767. 2 

791. 6 : 24-4 


! do 

615 i 800 


883.8 

905. 4 :< i - 6 

Total,, . 


3.894 ! 3.874 

! 10. .849- 5 

3,948.2 

4.116.0' i6;-8 


Prickly-pear. . . . 

1 733 - 800 

6.000 ! 

| 788-8 

j S19, 6; 50- S 


do , , . , . 

928 j 800 

6.000 : 



9 

r , T .do 

636 686 

5 - 97 S 

8; 8. 2 

| 868.6 ; io -4 

*5 

firt .*. . 

| 732 ; 800 

6.000 : 

1 797 , 8 

1 807-4 ; oi- 6 

18 

do 

jSs ; 800 

6.000 


1 8.17.8 i 4«-° 



j 3.611 ; 3-886 

29-975 

[ 3 , 936 -* 

j 4,070*8 

1 



1 


j 



SECOND PERIOD (.Ho DAYS) 


3 

14 

17 

19 

Prickly-pear .... 

do 

do 

do 

do 

690. 4 
508.8 
S6>- 8 
814- 7 
422. 2 

740 

640 

Roo 

5.S81 ' 
3 - 73 * 
5,652 
5-775 
6.000 


809-4 

887.8 

815.4 

826. 8 
| 919- 6 

783-4; “--' c 

897.8 I*-" 

824.8 1 9-4 

8:4.2 -=' 6 

93-0 ! “_4 




3,540 | 

| 29.740 ! 


1 4 . 259 - 0 1 

| 4.262.2' 3 -J 

6 

Sorghum silage.. 

. , .do 

673-6 
840.0 
493 - 5 

866.7 

791-3 

852 I 
732 

852 
S 3 2 


1.632 

1.664 

1.679 

1,676 

1,648 

797-6 

719.0 

861.4 

810. 2 
839-8 

805-8 i 

7:0.0 | I*® 

841.6; -*.[ 

804 - 2! 

S23.6. 

9 

is 

. .do _ . , . 


18 

do 





3- 685. 1 

3,998 


| 4,028.2 j 3-995-2 





i i 



Prickly-Pears as a Feed jot Dairy Ones 4 , 9 

l48 ui XXV.-F«* ««i w y ^yhts^ yea,): P,ickl r p a , obm ^ 


FIRST PERIOD (Bo DAVS) 



Group. 

Feed, consumed. 

Body wight. 

So. of cow- 

Grain. 

Cotton- 
seed hulls. 

Prickly- 

pear. 

Initial 1 Final .. . 

weight. 1 weight. Um - 

4 .. 

Cottonseed hulls . 

do 

Pounds. \ 

1-318.7 1 

890 j 

Pounds. 

I- 49 J 

P<M 4 Hdi.| 

Pounds. 1 . Pounds. Pound i 
\ * 5 ? 4-4 i Sv.l-J ! -t.i 

; 863. s j s ;o . 2 fl 4 

1C-. 

Total . . 


.1- «©• I 1 

4-577 


! 2 - 4 > 2.0 i J. 436.0 (, 



Prickly-pear alone 

do 

1,035 i 
977 | 

no 

6. coo 

j 781.6 1 S03. S .--.J 

803-6 803.0 -.6 

Total . . 


3.»8i j 

t a.obo 

T 7- cRo 

| 765-8 1 7 4 
| 2 - 351-0 1 2-406.0 55.0 


Prickly-pear alone. 1 

400 


11. <345 

j 849-8 i Shi. j _ n .4 

| 695. 8 | 6;i.S - - 4 . o 





9 ,VI 9 


SECOND PERIOD (&> DAYS) 



Table XXVI. — Analyses of feeds used in prickly-pear feeding experiments 

FIRST YEAR (FIRST PERIOD; &> DAYS) 


Feed. 

Moisture. 

Ash. 

Total 

crude 

protein 

(XX6.25). 

Albumi- 

noid 

protein. 

| 

cj- |”sr 

m ” t ' iratrart. 

Ether 


Per cent. 

Per cent . ! 

! Per cent. 

Par cent. 

Per cent 

Per cent. 

Per (cnt. 

Corn rliop 

12.00 

1.45 

9 - 31 

9 - 1 * 

2 - 39 

7 * 9 > 

.*• 92 

Wheat bran 

10.40 

5-95 

17. n 

15 . 

S -35 

5 -’- 97 

4 ’ 

Coll nnsced meal 

8-68 

6.40 

45 - 72 

4 .v 09 

6- 53 

20 - 54 

12. 13 

Sorghum hay 

.30- 36 

6-79 

4 - 9 4 | 

4, if? 

J 3 - 53 

32. 

1. 7a 

Prittly pear 


2. 27 

.90 

-406 1 1.73 

4.02 



FIRST YEAR (SECOND PERIOD; So DAYS) 


Corn chop 

11.66 

1.68 

9-53 
17. 81 

9.25 

15.17 

' 

ts 

J2 

»-5* 

5. 18 

Cottonseed meal 

8- 44 

6.28 

43- 80 
4-47 | 

<1-35 

5-21 

18.84 


?ors!humhay 

! 6. is 

7.84 1 

j.y; 

27- 71 ; 

Jl.73 

J 19 

Prickly-pear | 

| 88.00 

1-.09 ' 

•S3 1 

-34 

..25- 
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Tabu} XXVI . — Analyses of feeds used in prickly-fear feeding experiments—.^#^ 

SECOND YEAR (FIRST period; 8o days} 



Coro chop 


1.64 

»« 

0-54 


74-66 | 

Bran 




17-55 


Cottonseed meal 

«-Jt 

5-7' 

46.66 

41- *4 



Cottonseed hulls 

6-47 

*.<>& 

1 4.14 

1 s-9s ; 

4^31 


Sorghum silage 

S 78-^ I 

1 * J7 

I- 73 

r. 04 1 

S-6o 

»-91 i 

3- 9J ! 

Prickly-pcsr 

j 93-6: 

1 1 

-JU 

L.i^l 

.So 


Tabu; XXVII. -Nutrients consumed: Group totals ( first year) 

FIRST PERIOD (So DAYS} 


N utriesit. 


Peed. 

Dry 


Crude 

fiber. 

Nitrogen- 

Ether 

extract. 

JmM, 

Total, 

Heavy prickly-pear group (cows 








i. 2, ?): 

Pounds. 

Utwnxts. 

Mnituis. 

jPonnds, 




Corn chon 



10.99 

326. »8 




Wheat bvau. 


SSi- 51 

38-41 

*43-57 

21.30 

ir.jf, 

80831 

Cottonseed mea) 


2IO-3I 



So 


8.-2. So 

Sorghum hay 

Sio-or 

vS.i; 

*79-44 

.588. 22 

20.^ 

1M# 


Frick!y-pear 

.S-'f-VJ? 

310.00 

ji>6.oo 

1.384.93 

41-34 

26881 

.5-615- si 

Total 

M71-4I 

702.88 

954-86 

2.431.48 | 256.72 

*02,52 

9-6r9.0; 

Medium prickly-pear group 








(cons 4. 5. 6): 








Com chop 

564 «* 

59-63 

15-3* 

454-66 



1,1 20- W 

Wheat hran 

S74-.14 

13 j* 59 

53.52 

339-41 

29.68 

1<.83 

1.116-3; 

Cottonseed meal . 


293-07 

l>S-6l 

*1.86 

131.66 


16.86 

r, 136. es> 

Sorghum hav 

i.6:a.o6 

569- 76 

779-36 

41-36 

)8-7.{ 


Prickly-pear 

; 1 . 60S. 67 | 

160. 16 ] 

307-8.5 

7 «.v 36 

11-35 

[ 87.20 

*,900-3 

Total 

! 5-004- sr 

745- it j 988.31 

•2,4*0.45 

195.21 

| 139-84 ! 

9-493-41 

Medium prickly-pear group 1 






|““! 


(vows 8, 9); 

1 







Corn chop 

! 377-78 


10.26 


16.85 


745.16 

Wheat bran 

384.65 




19,88 

j 10. bo 

734-26 

Cottonseed meal ; 

392.04 

i}6. 28 


SS- is 



767.87 

Sorghum hay 

■ 930. 39 

65.18 


42.8-96 

22.73 

t 10.31 

1,761. 16 

Prickly-pear 

! 1075-95 

ro6- y* 





1,536.44 

Total 1 

' 3-148-71 

484- 52 

595- *5 

1- 5*6. 53 


i 91-23 

| 5.970-01 

Sorghum-hay group (oows ;o, | 

Com cliop 

Wheat bran 

Cottonseed meal 

Sorghum hay | 

Total | 

612.66 j 
mj.Uo i 
635-77 j 

64.82 

H3-J7 

318.IO 

16.64 

iS-lJ 

45-46 

988-47 

493-8 i 

368-64 

143-90 

i,352-»* 

" 

3 *■ *3 ! 
84-45 
71-65 I 

r 

1-3* 

17. w 
18-31 

| 3 2- 49 

r 

j i.i:5. *4 

4-773-oS i 

7»-2, 

1.108,70 

*.557- 57 

*15.62 

j 69-5* 

9-136. j6 
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TabtA XXVII— Nutrients consumed: Group totals (first jw Cnmimivd 

SECOND PERIOD {,'-0 Days) 


Feed. 


Dry 

matter. 


Crude j 
jin item i 


(XX 6. as). 


Crude 

fiber. 


i Nitrogen- 1 


AinUis. 


! Total, 


HeaTj'P fickl > , ’ pcar Bnmp (cows 
4 . s.*K 

Com chop 

heat brail. . .. 

Cottonseed tneal 

Sorghum hay 

Frickly-P ear 

Total 


Medium prkWy-ltear group 
(cows i. *. 3/ : 

Com chop 

Wheat bran. 

Cottonseed meal 

Sorghum hay 

Prickly-pear,.... 

Total 


Medium prickly-pear group 
{cows to, ji, ir): 

Com chop 

Wheat bran . . 

Cottonseed meal — 

Sorghum hay 

Fridcly-pear 


Total 

Sorghum-hay group (cows 8, o)‘ 

Corn chop 

Wheat bran 

Cottonseed meal 

Sorghum hay 

Total 


i 


Pounds . 

Pounds . I 

Pound '. ! 

Ruuds. 

Rwuh. ■ Pound' 


say- J2 
543- 12 

56.87 

48.83 

322.34 


l-C.15.89 

546-34 

261.53 : 

31.09 

M 2-A2 

103-83 : 4 . y .. 

l-CfC. 13 

034 - 28 

44 < sO • 


514-97 


3, 269.0ft 

526. 16 • 

334-89 

1.656.68 


s.r>;:. C .S 

5,819.94 

695-33 

Til -44 

3.024.52 

32 , I . J.M 

in.f.cO.M 

42 V - 74 

46. 14 


339 - :S 


VjS.71 

i 440-72 

86. 24 

39.46 

261.56 

iv«8 ] ... - s 

W> 5 - 84 

443-34 

212* 22 

25-23 

585.6; 

91.22 

84-25' km: 

SW -37 

; 1.983.5 a 

94-47 

1,093-31 



i L 7 ’ 7 - 6 t 

119.52 

176.8ft 

875. 52 

-"•76 :2-2 ! ' 


| 5,022.96 

*56. fQ 

R4...4T 

.-.r/K^sv 

19S.47 ,e-.cA 

i;..ui .-.40 

. 556. 19 

j 

I 6o-00 

22.35 




573. 06 

! 112.13 

5 I. 3 I 

54c. n 

3..61 ; j6.a.- 

1 K 5 .S 4 

• 576- 46 

i 275-95 

32 - 8 © 

l)h. 62 

109.55 i 


• ' 1,923.46 


56:-92 

l,c6o. :J 

■ 13 .Br 

3.696.41) 

1.727-64 

| 119-52 

r;G.HS 

• t 2 

27-76 

.:.%7,rX 

- 5 - 356 . 8i 

v 6,9.21 



::4.'-< 

K.O.M9 

: 406.1c 

; 45. 81 

16.5? 

v--.II 

If- 14, 

Scr. 77 

.' 4 iS -42 

! 81.8; 



* 3 . 8i i.’. 


420-90 

; 201.49 

! :3.9s 

"so. 61 

79-91 : 11-49 

k-'A-AS 

. 2. 249-12 

; 107.1? 

! 


'■*’*} 


•i 3 - 494 - S 4 

I 454 - 2-9 

1 74.- 8. 

i.'-a :« 

17c..-: ' 

"•-ta-v 


Table XXVIII .—’ Kuirients consumed: Group totals (amud yean 

FIRST PERIOD (So days) 


Feed. 


Sorghum-silage group (cows 3. 
14.17. 10,50): 

Com chop 

Wheat bran 

Cottonseed meal 

Cottonseed hulls 

Sorghum hay 

Total 

Prickly-pear group (cows 6. 9. 

Corn chop 

Wheat bran 

Cottonseed meal 

Cottonseed hulls 

Prickly-pear 



Dry 

Crude 

protein. 

(XX6.05). 

Pounds. 

Pounds. 

1. 170. 6: 

139- W> 

1.205.06 

:;o. 77 

1.224.5.I 

589-03 

3-618. 70 


2- 373-^7 

188. :S 

9-592-83 

: 1.325.91 

1 . 145. 68 

i«..68 

1.I79-SS 

1 

1, 198- 40 

1 476. 40 

. 3-6:9-91 

1 = 8. 16 

?. 2:4. 15 

86-93 

9-37T- 49 

1 


Nutrient. 


Crude i 
fiber, j 



648- 1-0 



Nitrogen- ,. lher 
extract. 

extrarf. 1 

Ain ids. 

Total. 

Pounds. Pounds. 

Pounds. 

Pounds. 

n ,~ rJ : vi. (A 

.■'•'•3 

.'•327-J R 

7(1 58 40-63 

38 




-• w 1 * 

1 44-55 



1.124.CI 94-59 

:l ' 


■ 57:0. S9 

! 154- n_ 

iS.747- 37 

: — 

r~ 


9:7.0; ?"■ 

! 

2-277-51 

74 6- 5 s 39- 76 


2-54^4 

3-9.60 93-62 


i. 5CI- 04 4- 49 

1 

40: o65 

1.59a. M •‘6.9' t 


--i 1 : 


;5. 091.1 « 


Total, 
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Table XXVIII— Nutrients consumed: Group totals (second year)— Continued 
first period (So days)— continued 


Nutrient. 


Feed. 

Dry 

matter. 

Crude 

protein 

(NX6.2S). 

Crude 

fiber. 

Nitrogen- 

free 

extract. 

Ether 

extract. 

Amids. 

Total. 

Prickly-pear croup (cows ft. n, 
12): 

Pound 1 :- 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Poaiuit. 

Corn chop 

956. 2ft 

114,09 

20.04 

765. 43 

42.20 


Wheat bran 

9«4. 38 

204. 85 

7°- 51 

622.93 

33- 19 


» i L '^ 

Cottonseed meal 

I . OOO- 29 

481. t6 

46. 76 

325* *9 

78. 14 



Cottonseed hulls 

1.942-93 

84. 66 

949- 73 

803.92 

23-92 

.6 2 

j'KS 

2*293.55 

Prickly-pear 

*•267.34 

49*53 

' 152- 01 

797*64 

15*37 

n.96 

Total 

0. 151.22 

934- 29 

r. 239-05 


'92.82! 75.03 

”■957. !J 

Cottonseed-hulls group (cows 4. 
S- 10): 

Com chop 

96ft. 28 

115.5* 


775*03 

42-73 


*■924-56 

Wheat bran 

996. 73 

207.42 

71' 39 

630. 74 

33* f" 

31.69 

Cottonseed meal 

1.012.83 

487- 20 

47-35 

3*9- 27 

79-13 

2$. 34 

‘'OM il 

Cottonseed-hulls 

4*275- :)8 

rB6. *3 

2-089- 86 

T* 769. 01 

52. 64 


8 '.jin 

Tol nl 

:• -S3- 22 

99ft 42 

2. 228. 89 

3.504.0$ 


64.61 

M-sjj- jS 


SECOND PERIOD (So DAYS) 


Sorghum-silage group (cows 6. 
9, 15, 16- iS): 

1. 110.60 

118.66 


917. 12 

27.76 



Wheat brim 

Cottonseed meal 

Cottonseed hulls 

Sorghum silage 

1.T23. *3 
1.089-47 

3-739-33 
1.804. 68 

*38.92 

573- *7 

165* 52 

147* 03 

82.67 
78.74 
1.851.4/ 
47S* 94 

700.92 
255.02 
1.573-21 
928. 94 

38.0S 

29.98 

94-34 

*3- 34 
6658 

8. 40 
58. 64 


Total 

8.927-2* 

*•*43-30 | 2-5*5- 1* 

4 375*2* 

302. 36 

*58-43 

tr-rn.^ 

Prickly-pear group (cows 3. 14. 
IT- 19. *0): 

Corn chop 

Wheat bran 

Cottonseed meal 

Cottonseed hulls 

Prickly-pear 

995*05 

976. 12 
3. 110.96 
i.Sso-89 

214.07 
5*3- S« 
146- 56 
90. 64 

3.3- 55 
74-07 
70*55 
1.639.37 

233.92 

821. 71 
628.00 
228. 48 
*•392*99 

I* *43- 28 

*4- 87 
34’ *2 
100. 70 
26. 55 
26.32 

*•3? 
25.91 
59- 65 
7*43 
32. 16 

1.9:2. 8: 
1-977-4- 

3*377- 2* 

Total 

8- *39- 3° 

1.071.09 i 2-041.46 

4. 214. 46 

212.56 

,21. 47 

13.Sao.jt 

Prickly-pear group (rows 4. 5. 




| 




10): 

Corn chop 

Wheat bran 

Cottonseed meal 

Cottonseed hulls 

Prickly-pear 

628. 62 
635*7* 
616.66 
1. 762. 11 

235-34 
3*4- 43 

Si-70 

*4- 88 
46.79 
44-57 
872-48 
*33-42 

I 5*9- it 
396- 74 
*44*34 

1 741-35 

j 652.07 

15.71 . 8j 

21.55 j *3-2* 

63.62 1 37-69 

14.13 1 J. 96 

15.01 l 18.34 

I.92S. !> 

Total - . 

i 4.698. 75 

656.54 | 1.112.14 

2, 453* 6* 

*30-02 

74- 03 

g. t2?.c*> 

Cottonseed-hulls group (cows 








Corn chop 

Wheat bran 

Cottonseed meal 

Cottonseed hulls 

808,54 

817.66 

793**5 

3-969-4* 

86.39 
173* 94 
417. 28 
ITS- 70 

! £5 

i 57.32 

1 1,965.40 

667.68 

510-29 

185-66 

1.670.01 

20. 21 
27.72 
81.83 
31. 83 

1.07 

z6.99 

4S-47 

8.91 

1.603.03 

1 . M. 79 

Total 

. 6.388. 76 

8.53-3* 

; 2.102.05 

| 3.033.64 

i 6 i .59 

75.44 

U.6I177 



Aue . t 6 . 19*5 Prickly-Pears as a Feed for Dairy Cws 

Table XXIX .— Nutrients digested; Group totals {first wan 

FIRST PERIOD (8o DAYS) 


Nutrient. 


Feed. | 

Dry I 

matter. 1 

Cmdc 

protein 

XX6.25). 

Crude , Xit f r ’ sm - 
fiber. j l rce 
j extract. 

Ether ; 
extract. 1 

Ainids. | 

Total. 

Heavy prickly-pear group (cows 

i, i.i)'- 

Cam chop 

Wheat bran. . . . 

Cottonseed meal 

Sorghum hay 

prickly-pe ar 

Pounds. 
34&- 57 
255- 7i 

304. 04 

447-°7 
1.894. 76 

Pounds. 

38-4t 

*05-98 

261.82 

Pounds. 1 
7-58 
18. 74 
22. SI 

162.93 

304.90 

Pounds. 

203.99 

64.11 

222-84 i 
86:. ! 3 i 

Ptrunds. ; 

l.i-90 i 

i 

Pounds. 

0.S; 

11-30 

Potmdi. 

Oji.oS 

t’4>- 9.: 

3-5:£ 

Total 

3-lS5-«5 

609. 78 

506.6O 

r- *43-49 

109.60 1 

202.32 


Medium prickly-pear group 
' (cows 4. 5- 

Corn chop 

Wheat bran... 

Cottonseed meal 

Sorghum hay 

Prickly-pear 

492.78 

363- 90 
432. 70 

9J1.09 

951-00 

44-45 
65. ;i 
238-39 

49-98 

112.30 

11.82 

29- 

19.48 

371-31 

I76.0T 

401.69 

97- ?0 


87. 20 

;-S2 

Total 

3-171-58 


607.30 

1.666.07 

! 145.05 

'39-84 

j t„ 

Medium prickly-pcai group 
(cows S, o) ; 

Corn chop 

j 350-03 

29- 77 

7-91 

269.S3 

13.60 

.82 

j <*;i . sfi 

Wheat bran 

-j 24J-72 

57- 40 

>9- 55 

IJj- j2 

11.77 

10. c»o 

! 4J ; '- ih 

Cottonseed meal 

489- 80 

159- 65 


65-54 

I 4f> ‘ ^ 

ii«-9 

j 

Sorghum hay 

■ 512.42 

74.98 

234- 37 

24S. 59 


XCJ. j i 

‘ 1 - C> :• 0$ 

prickly-pear 

, 634. 89 

| 117-51 

3-4 • 62 

\ 8. 8 j 

58.:! 

3 - - * C4 



j J. 010.56 

1 349-31 

! 362. 39 

1.060.90 

! 94.09 

1 9*-2.t_ 

: .Vyf»s. 7* 

Sorghum-hay group (cows io, 

Coni chop 

Wheat bran 

i" 

■ i 540- 79 
399-30 

5°- 74 
97- 84 

13.22 

32.6? 

427-09 

24.5- 41 

i 

1 13. -9 

j 

j 

V 

I 1.055.46 
| 75 

Cottonseed meal 

Sorghum hay 

,i 474-85 

•| T ' h -5 2 ' OJ 

9*- 14 

41. S3 
663.56 

*03- 73 
167. 05 

! 75-41 
i 44- 24 

1 18.31 

I 34-49 

1 

Total 

•! 3-047-02 

! 5*1-84 

j 731-*5 

1-541- -'8 


1 69.52 

; 7-025. 


SECOXD PERIOD (So HAYS; 


Heavy prickly-pear group (cows 

4. 5. 6): 

Cora chop 

Wheat bran 

Cottonseed meal 

Sorghum hay 

Prickly-pear 

. 4?o-9o 
336- 95 
395- 44 
5°9-37 | 

51.00 1 
90- 56 j 

*93-97 l 

14-61 

12-95 
l6o. 8? 

3.55. -'9 
199. 11 
76. 29 
273- =9 

87.84 

3*- * 5 ! 

I.67 

I4.92 

IJ2-94 

872. (>S 
6S>6: 
843- 58 
98.5-3' 

j>44')- 84 

Tntal 1 7.S84-97 

617. 26 1 3S3.36! 1.91S.2; 

*64.95 ! 

170.26 

6.839.03 

Medium prickly-pcar group \ 
(rows 1, 2,3): 

Corn chop 

Wheat bran 

Cottonseed meal ; 

Sorghum hay ! 

Prickly-pcar ! 

3:3-67 

279- 24 

1.021.3: 

34-37 j 

39- 8r 
85- Hi 

13-46 

3SI-07 

299-75 

4*’ 

] 

*3-74 
14. Sj 
74-45 

I.36 

736. *5 


, 




*-■7-35 

107. o«_ 

6.0^- 25 

Medium prickli’-pear group 
(cows jo, it, 12): 

Corn chop 

4S5.SS 

44.69 

17- -4 

389-;7 

19-31 

1O.6: 

9/7- St 
741-02 

Cottonseed meal 

Sorghum hay 

Prickly-pear 

428.12 
1- CTO- 99 

224.46 

38-60 

8t-S: 

370-11 

87.69 
614-39 
595. j; 

20.3s 


2.! 12. 64 
1 . 1 --.. X.) 

Total 

v 569. 40 

| 4:6. !$ 

531-75 

! 1.916.37 

_i:yL 

]_*wdiL 

: r..r2;.qS 

Sorghum hay group (cows 8, 9): 

Cora chop 

Wheat bran 

Cottonseed meal 

34S.46 
267. AS 
314-57 

3-1- 3 a 
64- 95 

12.97^ 275-'9 

! 21.04 i *65-97 
j 11.48 j 6: 6.5 

15-19 

71-4.3 

1.29 j l-'i’-S-) 

I.M 4 i ; 14- S ! 

11-49 1 ft 4t* 89 

t:.'!*' 7-=9d.'JI 

Sorghum hay 

Total 

1, 2 hi. ,sf> 

4 >44 





] 4.5 -78 

2 . 206.07 

| 3*8-93 

j 491- -7 


T29-94 

. 36-9® 
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Table XXX . — Nutrients digested: Croup totals (second year ) 

FIRST PERIOD (80 DAYS) 

Nutrient. I 


Feed. 

Dry 

matter. 

Crude 

protein 

(NX6.25). 

Crude 

fiber. 

Nitrogen- 

free 

extract. 

Ether 

extract, 

Amids. 

Total. 










14. 17, 19, *>); 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 


p 

Coni chop 

1. o6s-.tr 

106. 14 

14- 23 

R7T.44 

44-43 



Wheat tuan 

70S- .?4 

193.09 

35-39 

543- 43 

25- 60 


' *° 5 ' ' 

Cottonseed meal 

942- *9 

488. 89 

20.03 

310. 52 

89-92 



Cottonseed hulk 

3.483-67 

9.46 

*33-37 

509.08 

35- 19 



Sorghum silage 

1,579.28 

84-93 

432.80 

?86- 81 

6s- 13 

5642 


Total 

5.806. 49 

882.53 

1-3*3-83 

3,019.28 

260. 27 

334. 03 


Prickly-pear group (cows 6, 9, 








==Z= ^ 

is. lb , iS): 








Corn chop 

3.042-57 

103.88 

33-93 

852.84 

43-48 



Wheat bran 

778-3 7 

188.97 

34- 6j 

539- 87 

23-05 


' 

Cottonseed meal 

922. 77 

478.46 

19- 61 

3°3- *9 

S8.00 


t ' n 

Cottonseed hulls 

T , 48S. 26 

9*49 

833. 94 

510.66 

33- 57 


■2 A - 

Prickly-pear 

1,369.63 

62. 21 

114,69 

3,001. 58 

17- 78 

20.98 

2, 586. 

Total 

S,6oi. 60 I 

843-01 

1,016- So < 

3,198. 84 

207. 88 ; 

| 96.97 

| 10-965.1 

Prickly-pear group (cows 8, 11, 






= 

i " 

I J ) • 

Corn chop 

870.21 

86. 71 

11. 62 

711.85 

36. 29 

2.97 


Wheat bran 


337-73 

28.91 

442. 28 

20. 91 

33-49 


Cottonseed meal 


399-36 

16.37 

253* 65 

73-45 


j t-54l!c 

Cottonseed hulls 


5. oS 





! I-540-S 

Prickly-pear 

780.43 

35* 44 

6?- 35 

57°- 7i 

10.13 

4 

xi. 96 

Total 

3.867.I5 

684.32 

568. 62 

2,251.82 | 159.68 

1 75.03 

i 7.606. t 

Cottonseed- hulls group (cows 4. 







- : — 

5. ie>) ; 






i 


Corn chop 

88l. 13 

87.80 

11. 77 


36- 75 



Wheat bran 

657. 84 

159- 71 

29.27 

447- *3 




Cottonseed meal 

779. 88 

404-38 

1 6* 5 7 I 256.83 

74-37 

| 33- 89 

I . jfc. ; 

Cottonseed hulls 

1,752.91 

11.18 

982. 23 

601.46 

41- 39 


.7 • ?90- ' 

Total 

• 4.071. 76 

663. 07 

1-039. 84 

2.02690 

173.88 

| 64- 61 

. 8.010.; 


SECOND PERIOD (80 DAYS) 


Sorghum-silage group (cows <\ 
9, 15, 1 6, 18): 

Corn chop 

Wheat bran. 

Cottonseed meal 

Cottonseed hulls. 

Sorghum silage 

: 1.010.6s 

: S3& ?9 

| 3-533-13 
1.195.40 

183- 97 
475- 73 
9-93 
66. 16 

15-25 
33- *9 

27. 56 
870. 19 
276. 05 

852. 92 
497- 65 

534- 89 
650. 26 

23- 87 
23-99 
105. 66 
23.68 
65. 09 

1-47 
2.5- 34 

66- 58 

8- 40 

58- 64 

• ■ 994- 54 
1,5*4. li 

2,980. 27 
-’•30- to 

Total 

! .-3.7.34 

Si5-97 

I, 2 22. 94 

2,734-64 

243- 29 

isS-43 

1C- 501. to 

Prickly-pear group (cows 3, 14. 
17, 19, 20): 

Com chop 

Wheat bran 

Cottonseed Tin-ill 

Cottonseed hulk 

Prickly-pear 

90s- 50 

664. 14 
• 751. 61 

I 1 -357- 49 
| 1-139- 78 

80.80 
164. 83 

8^79 

64.86 

13-66 
3°-37 
24.69 
770. 50 
300- 56 

764. 19 
445-88 
178.21 

473- 62 
8l8- 02 

21. 39 

94. 66 

3 7-34 

59-6; 

:• -u 

3J .16 

1. 78fi.fi) 
3-347- 6j 

l . fill 80 

Total 

| 4,818.52 

745- 48 

939- 78 

2, 679- 92 

375- 86 

121-47 

p-(*i>«y 

Prickly-pear group (rows 4, 5, 
ic): 

Com chop 

Wheat bran 

Cottonseed meal 

Cottonseed hulls 

Trickly-pcar 

1 

! 4'9- 57 
; 474- «3 

j S*- 05 
104. 13 

1 -ts 

8.63 | 
19. t8 
.5. 60 
410-07 
57- 36 

482- 77 
281.69 

M2. 59 1 

252.06 

466.56 

*3- >1 l 
13- 58 1 
59. 80 
11. xfi 
9- 89 

■83 
33- JI 
37-69 
3-96 

18.54 

1. 13 ?. 8.t 
851.16 
969. “9 
3.404-4° 

Total 

. ! 2.858.98 

4f'6. 14 

510.84 

1 1.595-67 

107- 94 

7.;. 05 

5-591-W 

Cottonseed-hulls group (cows 8, 
33, 12): 

1 

I 

j 


1 


1. 451- 9. 

Com chop 

735- 77 

| 65. 66 

II. 10 

620.94 

17.38 

1.07 

Wheat bran 

559- 66 

i 133- 93 

24. 68 

362-51 

17. 46 

16.99 

j. 095.05 

Cottonseed meal 

610. 73 

; 346.34 


144. 81 

76. 92 

48. 47 

1 • - J 

Cottonseed hulls 


! ic- 54 

93J- 74 

567. 80 

25- 15 

s.91 


Total 

■ 3-513-62 

556- 47 

j 979- 58 

1 . 695- 86 

136.91 

75- 14 

6 957- 



w a« Pr ickly-Pears as a Feed for Dairy Cows 

Table XXXI .-Composition of feeds used i n digestion trials 


4*15 


Feed. 

Com 

Do 

■ttlieat bran 

Do... ■■■■•: 

Cottonseed meal 

Do. ■ . ■ 

Prickly-Peaf (ai^dried). 
Do 

Do 

Do 

Do ■ 

grftised sorghum hay . 

Do 


Conunon salt 


a 

1 (cow 1 1) 
r (cow 12) 
3 (cow 11) 
3 (cow 12) 
5 (cow 1) 

1 to 5 


Water. ! Ash, 


, Cmde Crude Xilroficn- .... 
protein. | fiber. free r 


Percent., Pit etnl. 


9 - 77 j 
9- 91 ! 


8.30 
9* c 5 
it eg 


1. 23 
0 . jo 

6 . C 2 


8. 84 


Percent. Percent. : P, r 


17. 80 


5 .V 50 
l.S. 50 ’ 
is ; 
47 - 7 i : 
Si- 77 ' 


'.I Sodium chlorid. y^r^'pe/ cent ' 5 ' 
1 1 . ti per eciii. 


ndeti-ntiincd, 


Table XXXII.- -Composition of feces voided and air-dried during digestion trials 


No. of cow. 

No. of diges- 
tion trial. 

; i 

Water. 1 Ash. 1 C ™! e ! 

J protein. 

Cnide i^’itwficn* 
fiber. ' nr 

1 extract. 

liiher 

extract, 



Per ant. | Per ttrrl. per cent. . 

Per rent. 

Per cent. 

Per u ni. 



I 

5.4SI io.t -5 9*47 , 


15' 54 




4. ; Tfi. 4. 15 ! 

if'- 33 

«• ;8 

l.itf 



ft* ‘4 . jo. 0- 4 * o*' ! 

ro .?3 

49 59 

2 . 94 


3 

s.ce ; jc.li >.t<j ; 

* 7 ' 55 

42, .|7 

-• <M 

1 

3 

b > 93 • 7 '.^ S-c; ' 

lS. 72 

47-87 




.=. JS| 22.11 t.--2 1 

m. Rg 

S*X02 

3. 5$ 

? 

4 

r. 4S ■ 27. 71 j. c? i 

19.06 

59-80 

I. w 

\ 

5 

5* 5-S rc« 17 S. n j 

17. 70 

43.64 

2. ?o 

:i 


4 . 7 i i& 4 j 

16. 31 

51.03 

2- JO 


Table XXXII I . — Results of digestion trial 1 , cosv 11. on a ration of hay and grain 


Constituent. 


Feed. 


Com chop 

V.”.K it 

Cottonseed meal 

Sorghum hay 

Reiused sorghum bay 

Common salt 

Total (less refused hay) . 
Feces; 

Wet 

Air-dried 

Digested 

Digested (per cent). 


‘ Quantity. 

Dry 

Ash. 

' 1 

Crude i 
protein. 

Cnide 

fiber. 

Xitrogrn- 

free 

extract. 

Ether 

extract, 

Pounds. 

PeUI’di. 

Pounds. 

Pounds . 

Pounds. 

Pounds. 

Pounds. 

12 

IQ. S?C9 


:■ rc-.-i 

9- 8540 

c* 4774 

l. 5OC4 

11.6644 

3 - tSco 

1S0 

24.2 

.625 

lK. K C40 

: 2J.6430 1 
■ rP 1 ' 


.0849 

^ 0247 1 

S % ". S7SO 
11.5^3 

■PW 


205. jSSc 

7C;i | 

l 84.4507 

49. 2641 

105. 7724 

8-5,897 

5:9-85 

78. 1’jcg 

, 13-4586 

[ ^79 j 

ip. 8650 

37- 7<M r 

1-9455 

' 

! 126.9-1 

4. MJ5 

j i^SciS! 

.«■ 3991 

6 S.c* e i 

| 6. 4444 


f>i. 75 

-••97 


“r 

j 64.37 

! ;6. 81 
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Table XXXIV .— Results of digestion trial I, cow 12, on a ration of kay, grain, „ j 
medium prickly-pear ’ a7u + 


Feed. 

Quantity. 

Constituent, 


Dry 

matter. 

Ash. 

Crude 

protein. 

Crude 

fiber. 

Nitrogen- 

free 

extract. 

Ether 

extract, 

1* 0520 
1*5*49 

4' 2330 

Com chop 

Wheat tiran 

Cottonseed meat 

Prickly-pear (wet) 

Prickly-pear ( air-dried) 

Pounds. 

SO 

so 

so 

6 oo 

60.3 

Pounds. 
26. 3010 

27. 143c 
56. 7605 

Pounds. 
0.3810 
2.0100 
1. 8660 
12. 4218 

Pounds. 

*. 73S0 
4- 6140 

13-4790' 

3.9014 

Pounds. 
0. 6510 
3-o T 50 ! 
2. 0460 
6- 5963 

Pounds. 
j *1-4830! 
; 15.9060 
j S' 5500 
j 32-4*35 

Sorghum hay 

Refused sorghum hay 

100 

i 93. 7S00 
| 18,9460 

-sow 1 

8.8400 

3.0860 

.5922 

5- 6500 
I. 2160 

29*5000 j 47- “Too 
5*730° | 8.3460 

| 2. C.<=>0 

Total (less refused hay). . . 
Feces: 

Wet 

Air-dried 





1 

jSS-iO 1 75-°773 
79-43 • 

23. 0250 

16.4023 

29.1644 

7-5«o 

36*0788 

•3-6302 

114. 7263 

36. 0136 

F* 

1 >•» 

Digested 

; 137.6202 

6. 6227 

21. 6424 | 22. 4486 | ;S. 7127 


Digested (percent) 


' 64- To 

2$. 76 

74-21 | 62.22 : 0 : 7 . 69 


Table XXXV . — Results of digestion trial 2 , cowl, on a ration exclusively of prickly-pear 


Feetl. Quantity. 

Constituent. 

Dry 

matter. 

Ash. 

Crude 

protein. 

hber - ! i 

Pounds. 

Pricklj’-pear (wet) ; 1.170 

Prickly-pear (air-dried). 1 16. rS 

Pounds. 
106. 5371 

Pounds. 

21.8186 

Pounds. 

7*9932 

Pounds, j Pounds. 
12. 3151 | 61.8194 

Pound 

2. yysi 

• 59*= 

.5922 








Total 

107- 1293 

44. 7851 

22. 4108 

14. 1471 

7*993® 

1. 9750 

12.3151 j 61.8194 
7. 6245 J 20. 4409 

2* 

•3976 

Feces: 

Wet 3*4- 9° 






Digested, 

62. 3442 

8.2637 

6.0182 

4.6906] 41.37S5 

1* 9W* 

Digested (per cent) j 58.2a 

36.87 

29 ! 38. 09 > 6n. 93 
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TaB lB XXXVI.-J&mto 0/ &>rfwn triaZ 2, <m a rafi™ o/ ?rai ». 

%, <i«.f Aftiry 



Const huem. 

Feed. 

Quantity. 

Dry' 

matter. 

Ash. 

Crude 

protein. 

Crude 

free 

ext ran. 

Hi her 
xtract. 


Pounds . 

18 

Pounds. 
it. 7806 


Pounds. 

Pounds. 

/’■■unjj. 

DWi 


l8 

16,4414 


' r ’ s -> 

MS? 


2- ■'.»» 

KS-P^wct) 

j.080 



u.,,4 

1.^,6 

3- 3800 

5200 

pric kly-pear(air-<ine.l) 

107* 24 

98. JJ9r 
42. 2010 

20 . 1397 

-Ir 

51.3674 


2 • 3915 

Conunoa salt 

>625 

•59« 

•5022 












— 

Feces: 







7* 

Air-dried 

80.47 

75.4487 

Ifi. 5929 

3- 5246 

53- ext; 


■ ' 

Digested 


H.V990J 

10.6712 

1 <,8934 

15- <w>5 

64. 31*02 

>. 0261 

Digested (per cent) 



60- 17 

39-14 • 

84.28 

55-47 

6l. 74 

~ 

Table XXXVII.— Digestion trial 3 

cow 11, on a ration of 
prickly- pear 

grant, ha 

v, axil medium 



Constituent, 

Feed. 

Quantity. 

Dry 

matter. 

Ash. 

Crude 

pruteiu. 

Crude 

fiber. 

Nitrogen 

tree 

H tiler 

Com rhop 

Wheat bran. 

Cottonseed meal 

Frickly-pear (wet) 

Pounds . 

600 

Pounds. 

1 v- 8506 

19. (>034 

54- 5 >54 

Pounds. 

io.ia.4 

Pounds. 

3- 385* 
9-8.846 
2.9670 

Pounds. 
o. 4774 

] !• 5004 

1 7.8.821 

Pounds. 
*.'• 75I-’ 

i 32. 5S94 

| 3, OSOQ 
| -OMX 


1^0 ^ 

-l.jyy 


S-6oo 

i %rj ^ 


! . r,w. 

Refused sordutm hay 

Common salt 


9.4490 


.4260 

j 3- i'43'J 

| 4- 9480 

| 








T l 1 (less reftisMti?}-) 


jyi j<inn 





1 - r .8-,- 

Feces: 

Wet 

j 361. 4 0 

71.8773 

Ij. 8763 

6. 7930 

| TJ.7IM 

j 33. 1988 

1 * ‘ 

Digested 

i 

126.6027 

| 5-54T5 

j if). 6726 24.657 

I 71-542-* 5-J9.M 

Digested (per cent) 

I'Lib.i 

1 

.i. 

| HU 73. :S 
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Table XXXVII I . — Results of digestion trial J, cow 12, on a ration of grain and hay 





Constituent. 


Feed. 

j Quantity. 

Dry 

matter. 

Ash. 

1 

Crude i 
protein. 

Crude 

fiber. 

Kiirogen-i 
fiee ! 
extract, j 

Ether 
extract , 

Corn chop 

Wheat bran 

Cottonseed meal 

Sorghum hay 

Refused sorghum hay 

Common salt 

Pounds. 

! 30 

j SO 

30 

! 160 

I IS- 25 

• 625 

Pounds, 
it. 3010 

2 j. 0690 
27. 1410 
150.04S0 
14-3975 

• 5922 | 

Pounds. 

0.381 

1 . 866 ; 
14. 1440 

1 - 37 W 
. 5922 

Pounds. I 
*• 736 

1 4 - 614 

I.V 479 

■5933 

Pounds. 

0. 651 

3*015 

2.046 

4 - 8190 

Pounds. ■ 

21.485 I 
15. yo6 
5 - 5 JO 1 
56 . 3360 
?. 1875 

Pounds. 

4-230 

3 - 3 -So 

Total (less refused hay). 
Feces: 

Wet 

Air-dried. 


216. 7537 

79.S820 

17.6222 

29.2758 

48. 0930 

Iij. 0S77 


| 

! « 5-«3 

13.0891: 

6. 9265 

| 16.0674 

■IT. 0S68 

,7.22 

Digested j 

136-8717 

4 - 533 * 

23-3493 

i 32-0356 

71.0009 

j 6 . 9 f >.'8 

Digested {per cent) ■ j <>3.15 

25. 72 

76.34 

! 66.39 

j 63-34 j 71. 9; 


Table XXXIX. -Results a f digestion trial 4, cow 1, on a ration of grain, hay, and 
heavy prickly-pcar 


Feed. 

. Quantity. 

Dry 

matter. 

Ash. 

Crude 
protein . 

Crude 

Nitrogen- 

free 

litheT 

extract. 

Com chop 

Wheat bran 

Cottonseed meal 

Prickly-pear (wet) 

Pounds. 

14 

14 

14 

Pounds. 

12.2738 

12.6322 

12.6638 

121.43*5 

Pounds. 
0. 1778 
.9380 
.S7C8 

Pounds. 
1.2768 
2. 1332 

6. 2902 
5-6944 

Pounds. 

0.3038 

■ 954 S 

16.3414 

Pounds. 
10. 0254 
4228 

75- 5330 

Pounds. 
0. 4900 
.;ij2 
1.96:0 
1,90:5 

Sorghuin hay 

Common salt 

= .625 

46.890 1 

•5922 

4.420 1 
• 59*2 

2-825 

14 . 759 

| 23-835 

• t-040 


306.4833 

28.7390 

18.2396 

33-9570 j 


; 6 .JC .57 

Fttfs: 


| 119.4162 


Air-dried 


i 83.0243 

19-3595 

2 . Sl 94 

14. 7R89 

| 43-7975 

2.25<J° 

Digested 


i 123.4613 

[ 9-3995 

1 15 - 4 * 0 * 

19. lbSi 

73.6787 5. 84 J 7 

Digested (per cent). . 

■■j 

’ 59- 79 

| 32.68 

’ 84. 54 

56- 45 

63 - ?3 

6.’. 59 
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Prickly- Pears as a Feed jor Dairy Cons 


Table XL— Remits of digestion trial 4, cow j, on a ration exdiisi^hoi prid-h.^r 


Feed. 

Quantity. 

Dry 

maiier 

Ash. . 

Constituent 

Crude Crude Sil ."W Vl} 

proton. fiber. : ^ 

Prickly -pear (wet)..... 

prickly-peat (air-dncd) 

Pounds. ! Pounds, 
1.200 j 121.4315 

I 3 J> 12 j 

.625 I .3922 

Pounds. 
21. 7602 

Pounrfj. . Pounds. ' Pound i p,. un 1 
5-6944 1 56.5414' 73.5330 1.9^ 

Common salt 


i 

: 13-4378 j 

5-6944 j 16.5414 j 7J, 533O 

1-8318 | 8.620S! .S.oot5 -8549 

Feces: 

Wet 

Air-dried 

301.95 42.7513 

45- *3 \ 

Digested 

j 79-2724 

j 8.9146 j 

3.8fi26j 7.9206! 57,5315! .943. 

Digested (percent) 

64-96 

j 39-88 1 

j 67.83 1 47.88 ! 7 a, i; j M .a, 


Table XLI —Results of digestion trial 5, cow 1, on a ration of grain, hay, and 
medium pnckly-pear 


Corn chop 

Wheat bran 

Cottonseed meal 

Prickly-pear(wet)....... 

Prickly-pear (air-dned j . . 

Sorghum hay 

Refused sorghum hay. . . . 

Salt 


Total (less refused hay). 
Feces: 

Wet.. 

Air-dried 


Digested 

Digested (per cent) . . 


Quantity. 

Dry 

Ash. 

protein. 

Crude 

liber. 

Nitrogen- 

Iree 

extract. 

Ether 

extract. 

Pounds. 

14 

14 

14 

600 

65.34 

: loo 3 - s 

.623 

Pounds . 

32.3494 

22-6126 
12. 5622 
59*9559 

Pounds. 

.8428 

.8610 

11 . 9.80 

Pounds. 

' 5-7344 
3-4434 


Pounds- 

10. JljO 

7.4900 

36.6361 

bounds. 

0 . 39.0 

1 , S746 

1-396.! 

93-79oo 

3-4998 

.5922 

8.8400 
•5932 
| • 5922 

s -S 

1 

29. 5000 


. 07(18 


188 - 3.523 

22.6330 

1 

18.3877 

J7-I20I 

103.9696 


! 4 »i I 7 

782459 

16. 7149 

6 .S 036 

14.6680 

37' 8219 

•• 2375 


HO. 1066 

S.9181 

11.5841 

2-’.452t 

66.1477 ' 

4. 0046 


58.46 

26.15 

63 . 0 a 

l>3* 4) 

63. 62 

64 . is 
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Table XLH. — Results oj digestion trial 5, cow II, on a ration oj grain, ha\ 

heavy prickly-pear ’ an “ 






Constituent, 

' 

Feed. 

Quantity. 

Dry 

matter. 

Ash. 

Crude ] 
protein. 

Cmde 

fiber. 

Nitrogen- 
free tther 

extract. e * tr *<'t. 

Com chop 

Pounds. 

Pound s . 
19. 4062 
19- 8198 
19. 7406 

Pounds. 
0. 2706 

Pounds. 

1 . 0680 j 
3- 9 » 6 o j 

Pounds. 

Pounds. Pounds. 
16.049a o.tiife 



1 - 353 ° 

1-3376 

1 !* J (OO j . 

Prickly -pear (wet) 



5-0930 i 3.9458 

Prickly-pear (air-dried) 

Sorghum hay. . . 

" 4*34 

5 ° 

-6*S 

1&4. 9183 
46. 8900 
• 59 ** 

^ 26 . 8556 

6.0257 1 

*•8250 

Ji- 4797 

64-1104 2.^ 

*3-8550 | |.Q 4M 

Common salt 

•59*2 


Total ' 

211.3671 

2$. 8158 I 

23-8459 j 

29. 8773 

1* 

Feces: 

Wet 


1 2 °- 8*74 ~* 9507 

Air-dried 

86.35 

82. 2656 

19.6792 

2*4523 | 

14-0837 

44.0644 ■ 1.9860 

Digested 


j I 29 -IOI 5 ^ 

9- I366 

*1-3936 | 

IS- 7936 

76-8130; 5.964, 

Digested (per cent) 



j 61.08 

3 1 - ?• 

89.72 , 

52- 86 

63- 53 75-02 


PLATE F 

Opuntia cyanella, one of the principal species of prickly -pear used in these 
experiments. 

Fig. 1. — Mature joint; }{ natural size on a photographic background. 

Fig. 2 . — A flower bud; natural size. 

Fig. 3. — Young joint showing rudimentary leaves. 

Fig. 4. — Fiower; natural size. 

Fig. 5. -A fruit; natural size. 






PLATE LXI 

Fig. i. — Singeing prickly -pear with a gasoline torch. 

Fig. 2. — Cutting prickly -pear with a hoe, the blade of which is bent so as to be in 
line with the handle. 








PLATE LX 1 1 

Fig. i. — Loading prickly-pear on a wagon. 

Fig. 2 . — Type of cows used. 
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a nasturtium wilt caused BY IHCTERiru 

SOLAN ACl { ARUM ' 

By Mary K. Bryax, 

Scientific Assistant , Laboratory of Plant Pathology 
Bureau of Plant Industry 

INTRODUCTION 

Oil July 2i, 1914, some badly wilted nasturtiums tlrvfacolum majus) 
ff ere received from Dr. John Arthur Luetscher of Baltimore, Me!., who 
wrote concerning them : 

Seven years ago I raised a fine lot of nasturtiums, but in the last six rears I have 
hardly been able to get a blossom, although the plants have been in the smiewil 
and several times in the same plat. The leaves wither ami the plant dies. 

The plants, which were of the dwarf variety and much-branched, were 
poorly developed, and the leaves mostly wilted, yellowed, or dead 
[Pi. LX 1 II). The stems had a peculiar translucent or water-soaked 
appearance, allowing the vascular bundles to show as darkened streaks 
beneath the unbroken epidermis. When the stem was cut across, there 
oozed from these bundles a grayish white viscid slime which became 
brown on standing. 

ISOLATION OF THE ORGANISM 

On cross-sectioning such stems the vessels were found to he clogged 
with bacteria, often every bundle being entirely occluded. Agar-poured 
plates gave pure cultures of a white bacterial organism. Inoculations 
made from colonies on these plates into nasturtium stems produced 
signs of the disease — i. e., wilted leaves and water-soaked stems— within 
seven days (Pi. LXIY). From one of these stems the organism was 
reisolated on agar-poured plates and again produced typical wilt within 
four days when inoculated into healthy young nasturtiums, using sub- 
cultures from single colonies. 

NATURE OF THE ORGANISM 

Cultural work was then begun, but it was not until the growth on 
potato cylinders began to blacken that the identity oi the organism 
with Bacterium solanaccarutn 1 was suspected. To test this hypothesis, 
inoculations were at once made into tomatoes (Lycopcrsicm csculnifum), 
the only available plants being rather old. The result was the formation 
of numerous adventive roots in the vicinity of the needle pricks and the 
slow wilt of a few leaflets. Vessels were browned and filled widi these. 

1 Originally described by Erwin F. Smith a:; Hantlus tvSanceerum under the siiiiposUi^UwMt ** 
Ptritrichiate, but afterwards transferred by him to the genus Bacterium, -n a> > tin. ante ‘V 11 1 1 

of nomenclature in his Bacteria in Relation to Plant Diseases, v. 1, Va-iim, on, 

<Came K ie Inst. Wash. Pub. 27.) 
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bacteria, as shown by microscopic examination and by poured plates 
The plants then outgrew the disease. While not conclusive, these 
results did not contradict my supposition, since the organism plated 
from tobacco ( Nicotiana spp.) and tomato often gives no more marked 
results when inoculated into old plants. 

FURTHER CROSS-INOCULATIONS 

A virulent strain of B. solanacearum obtained from tobacco from 
Creedmore, N. C., during the summer of 1914 was then available for 
comparison, arid inoculations were made with this into nasturtiums of 
the tall variety by means of needle pricks from young agar subcultures. 
After 10 clays all plants showed one or more wilted leaves and an abun- 
dance of the characteristic adventive roots near the point of inoculation 
(Pi. LXV, fig. 1). A month later one of these stems had produced ad- 
ventive roots at intervals from 7 inches above the pricks to 20 inches 
below them, and in one case where the stem hung near the ground they 
were 3 inches long and had taken hold in the soil. Bacteria were present 
the entire length of the stem, which was now entirely leafless. Inocula- 
tions into dwarf nasturtiums produced a more rapid wilt but no adven- 
tive roots. 

On voung tobacco, prick inoculations with the nasturtium organism 
caused in five days an internal dark streak (visible on the surface) run- 
ning several inches up and down the stem from the point of inoculation 
and the wilt of one or two leaves, but the plants always recovered. 
Check pricks produced no effect. 

Inoculations with the nasturtium organism into very young tomato 
plants resulted in the rapid and complete wilt of .the plants (PI. LX\ I, 
fig. 1). The entire vascular system became gorged with bacteria. 
Poured plates gave pure cultures of Bacterium solanacearum, as deter- 
mined by cultures on typical media and by successful reinoculations into 
both tomato and tobacco plants. 


TESTS ON OTHER PLANTS 


A variety of plants were tested for susceptibility. Prick inoculations 
w-eire made with both the Creedmore tobacco organism and the nastur- 
tium organism into pelargoniums, soy beans (Glycine hujndc), an 
lettuce ( Lacluca satira), all with negative results. Owing to the tact t a 
Honing 1 in Sumatra has reported this disease on several composite 
and in voung teak trees (Verhcnaceae), inoculations were made on hot- 
house ageratum and on common cultivated verbena. Both became is- 
eased but rather slowlv. After to days the ageratum showed dtstorho 
of the leaves, one half being paler and smaller than the other, and alter 


i Hulling. J. A.. Eon gnvnl van sliimiiclUe in lie djallibibil Slodtd. toW 

Aft. i. n. ..-is. atm Naschritl, u- ». wa. Soo tovmw in Smilh. Erwin B.ilon. 
diseases, v. 3. p. 
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l5 days complete wilt of several leaves occurred. The result w 
checked under the microscope. For the most part the pl aMs „ U .Z 
t he disease. Verbenas showed wilt within two weeks, ami alter three 
weeks the Ups, as well as the leaves, for a inches below the point ,,'f 
inoculation, were completely wilted. Agar-poured plates from one of 
these stems gave pure cultures of B. solanaccarum. 

NATURAL METHODS OF INFECTION 

The organism may enter the nasturtium plant through wounded roots 
or shoots or through the stomata. To demonstrate root infection, six 
nasturtium seeds were planted in each of four pots. Two pots were 
watered with a suspension from young agar cultures of the nasturtium 
organism and then covered with fresh soil. The others were held as 
checks. When the plants had four good leaves, the soil was worked in all 
the pots deeply enough to break some roots. Six weeks later one plant 
jn an inoculated pot was badly wilted, and jo days later four others 
succumbed, while, those in the check pots were perfectly healthy. One 
week later all but 3 of the 12 plants in the. inoculated pots had suc- 
cumbed. Sections from stems of a number of these wilting plants were 
examined under the microscope*. The vessels were seen to be clogged 
with bacteria, and there was the usual tissue disorganization. 

Before the organism was identified, spray experiments were started 
to determine whether stomatal infections could be obtained. Well- 
grown plants of both tall and dwarf varieties of nasturtiums were sprayed 
in cages with a suspension from 3-day agar-slant cultures. Repeated 
spraying with sterile water kept the plants moist for 30 hours, after 
which they were removed from the cages. Six days later a few minute 
brownish spots appeared on the leaves, but these did not enlarge mate- 
rially. Four weeks later, however, one plant was characteristically wilted, 
and within three weeks from this time all of the dwarf plants and one of 
the tall ones had succumbed, with characteristic bacteria! infection of 
the vascular system. 

Another experiment was made with young plants, each bearing two 
large leaves. They were sprayed in cages with suspensions from uiung 
agar cultures and kept moist for 48 hours. Four days after the experi- 
ment was started the large leaves all showed decided brown spotting 
and water-soaked areas. The spots centered about the stomata in every 
case examined, and often, but not always, they were marginal. Aftir 
two weeks the spots had coalesced in man}' places and appeared to be 
affecting the small veins of the blade. Poured plates from such spots 
gave typical colonies of B. solanxcaptm. Portions of the leaves m bm 1 
these stages were embedded, sectioned', and stained, and bacterial foci 
found in the substomatic chamber, thus demonstrating stomata mice 
tion. In the younger stages the bacteria appear iu the stomata 'I 
kig, as well as in the large chamber beneath (fig- 0* 
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collapsed parenchyma is evidence of their presence, and careful search 
finds them lying closely appressed to the cell walls when they are not 
abundant in the intercellular spaces. In this stage they are also in the 
neighboring vessels of the leaf (fig. 2). In stained sections the walls of 
the vessels often show injury by taking a deeper stain than normal ones, 
even when the bacteria do not appear to have penetrated to their 
interior. 

One leaf, which showed browning of some of the smaller veins, was 
sectioned at various points on the veins and petiole. The bacteria were 
numerous in the vessels of the browned area and for some distance 
below, but thinned out downward so that none were found in the base 
of the petiole or in the stem of the plant. In another case the bacteria 



Fig i — Section t ,f nasturtium leaf four days Fig. j.— C ross section of a vein of nasturtium 
after spraying with suspension of Bacterium leaf, showing vascular infection nine days 

sotanacearum. Serially adjacent sections show after spraying with suspension of Badenu* 

bacteria throughout the substomatic chamber. siilanacearunt . 

were traced in the vessels all the way from the wilting leaf blade to the 
stem of the plant. Three plants in this set finally wilted completely. 
An earh- stage of vascular occlusion and cavity formation in the stem of 
a nasturtium, like that shown in Plate LXI 1 I, is illustrated in figure 3. 

Several attempts to produce stomatal infection on tomatoes and tobacco 
were made, but without success. 

SUSCEPTIBILITY OF THE NASTURTIUM 

prom comparative necdle-prick inoculations on nasturtium, tomat ^ 
and tobacco with the Creedmorc tobacco organism, which was begimim,, 
to lose its virulence, it would appear that the nasturtium is s 
ceptible to infection by B. solanacearum, since it wilted reailn, « 1 
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tobacco and tomato, except when very young, wilted only slightly au .1 
reCO vered quickly. The converse of this experiment led to the same 
conclusion— i- e., that the nasturtium is more susceptible than 'the 
tomato or tobacco— because the organism isolated from the nasturtium 
was more infectious to the nasturtium than to tobacco or tomato, pos- 
sibly the susceptibility of nasturtium may be due to the great succulence 
0 f the nasturtium stems. The Medan (Sumatra) tobacco organism, 



Fir,. 3.— Cross section of stem of one uf the 
terial invasion of a bundle with the fx'^in 
center phloem. 


infected nasturtiums from Baltimore, MJ.. showiu* Llle f) »‘" 
mists of bacterial ravines. Two sinvc plates are visible in the 


which had been extremely virulent but had been on media (or a longer 
time than the Creedmore organism, was not able to infect either na» 
turtiums or tomatoes. 


EFFECT OX THE TISSUES 

The more tender parts of badly diseased plants become so translucent 
that the occluded browned vessels may be seen clear) t iroju, 
water-soaked but unshriveled parenchyma (PI. LX\ I, H- 
cases the course of the affected bundle or bundles is mar 'e 
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daily by sunken, reddish brown streaks or patches (PI. EXV, 2 \ 
Generally in the case of prick inoculations on nasturtiums of the tail 
variety adventive roots are formed at various points on the stem. These 
remain rudimentary except where the stems are near the ground \vh en 
they may become functioning roots. Check pricks failed to produce anv 
root formation. No adventive roots occurred on any of the inoculated 
plants of the dwarf variety. 

MORPHOLOGY OF THE NASTURTIUM ORGANISM 

The organism is a short rod with rounded ends, 0.6 by 0.8 to i.^ u 
motile by means of one to three polar flagella. No spores or capsules 
occur on any media. Chains of 10 to 15 individuals are formed in 0.5 
and 1 per cent salt bouillon. Similar chains are formed in 0.5 per cent 
salt bouillon by the Creedmore tobacco organism. 

STAINING REACTIONS 

With carbol fuchsin polar staining is obtained. The organism does 
not stain by Gram’s method and is not acid-fast. Flagella were demon- 
strated by Lowitt’s flagella stain. 

CULTURAL CHARACTERS 

In all the cultural tests made with this organism it agrees substan- 
tially with Bacterium solanacearum Erw. Sm. Growth was studied in 
the following media: Agar plates, slants, and stabs; gelatin plates and 
stabs; potato cylinders; beef bouillon; fermentation tubes containing 
water + 1 per cent Witte’s peptone + 1 per cent dextrose, saccharose, 
lactose, maltose, mannit, or glycerin; milk; litmus milk; Cohn’s solu- 
tion; Uschinsky’s solution; and Fermi’s solution. 

Growth is retarded by 0.5 per cent of sodium chlorid in beef bouillon, 
is prevented by 2 per cent, and is very weak ill 1 per cent. This is true 
also for the Creedmore tobacco organism, which was used for comparison. 
No record has been previously given for B. solanacearum in this medium. 

TEMPERATURE RELATIONS 

The optimum for growth is about 30° C. No growth occurs at 39 0 C„ 
yery weak growth at 12 0 C., and none at io° C. The thermal death- 
point lies between 48° and 52 0 C. 

DESICCATION OF THE ORGANISM 

When dried on sterile covers from young peptone-bcef-bouillon cul- 
tures and kept in the dark at room temperature (21 0 C.), most covers 
gave growth after 24 hours when dropped into suitable bouillon, \en 
few after 2 days’, and none after 3 days’ drying. The bacteria from 
24-hour bouillon cultures were more sensitive to drying than those from 
8-day -old cultures. 
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SUMMARY 

The nasturtium is subject to a bacterial wilt disease, observed f ur 
first time in the summer of 1914, which prevents blossoming stums 
plants, and finally kills them. It is caused by a bacterium that in a U 
morphological, cultural, and infectious characters agrees with RacUrim 

solanacearum Erw. Sm. 

' Cross-inoculations on the tomato and tobacco produced successful and 
tvpical wilt of these plants, while inoculations on the nasturtium with a 
virulent strain of B. solanacearum , isolated from tobacco, gave typical 

nasturtium wilt. 

Infection takes place from infected soil through broken roots, but 
stomatal infection has also been demonstrated. 

Cultivated ageratums and verbenas were found susceptible to infection 
with both the nasturtium and the Creedmore <X. C.) tobacco strains of 

R, solanacearum. 

This paper adds another family to those already known to be subject 
to B. solanacearum. Described from the tomato, the potato, and the 
eggplant in 1896 by Dr. Erwin F. Smith, 1 this organism has now been 
proved infectious to one or more species of each of the following families: 
Solanaceae, Compositae, Lcguminosae, Verbenaceae, Euphorhiaceae, 
Bignonaceae, and Geraniaceae. 

If tomatoes, eggplants, peppers, potatoes, peanuts, or tobacco have 
shown this wilt disease, they should not be followed by nasturtiums. 

’ Smith, Krwin F. A bacterial disease of tbetoraato, eggplant, anti Irish potato (bacillus solatwcearuin, 
n.sp ). U. S- Dept. Agr., Div. Veg. Physiol, and Path. Bui. u. .-8 p„ i pi. (i col.). ity. 



PLATE I.XIII 

Bac tonally vviLteil nasturtium plant from Baltimore, Md. 
( 453 ) 





PLATK LXIV 

Kasturtium plants four days after inoculation by needle, pricks on the stem, using 
a pure culture of the bacteria cultivated from a plant infected like that shown in 
Plate LXIH. 



PLATE LXV 


pjg x Nasturtium plant (tall variety) 13 days after inoculation with Bacterium 

so lanaccarum from Crcedmore (N. C.) tobacco, showing wilt of the foliage and develop- 
ment of roots near needle pricks. 

Fig. 2.— Stem of a nasturtium plant inoculated with Bacterium sohnaccanm from 
tobacco, showing dark sunken stripe following line of infected bundle. 





vim lxvi 

Fig. i.— Young; tomato plants six days after inoculation by needle pricks with the 
nasturtium organism, Bacterium solanaceamm. 

Fig. 2.— Normal nasturtium stem enlarged to show uniform (unstripedj appearance. 
Fig. S -— A nasturtium stem inoculated with Bacterium solanacmum, showing strip- 
iag due to bacterial invasion of the bundles. 




PHOSPHORUS METABOLISM OF LAMBS FED \ RYlTfw 

OF alfalfa hay, corn, AND LINSEED MEAU 

Bv R. L- Ross, Fellow in Chemistry, M. H. Keith, Assistant, and H. S cSrixuli'y 
'Chief, Division of Animal Nutrition, Department of Animal Husbandry, Calk# 
Agriculture and the Agricultural Experiment Station of the Unhertity of Illinois ‘ 

INTRODUCTION 


the ultimate object of the investigations of which this article is a 
partial report was to determine the influence of different quantities of 
protein upon the nutrition of young growing lambs. The differences 
in the amounts of protein consumed were secured by varying the pro- 
portions of corn and linseed meal in the rations. Such differences in 
the quantities of protein were therefore necessarily accompanied bv cor- 
responding differences in the quantities of phosphorus ingested by the 
lambs. The experimental data relating to the phosphorus metabolism 
of the lambs when weighing, on the average, 115 pounds are given in 
this paper. For convenience, the original designation of the lots as 
‘•low-protein,” “medium-protein,” and “high-protein" is retained, 

As to the relative availability of organic and inorganic phosphorus, 
there is a wide difference of opinion among investigators. With regard 
to lambs, there is some definite evidence of the assimilation of inorganic 
phosphates of calcium in the work reported by Kohler and his associates. 2 

The question of the form in which the phosphorus is excreted is a 
matter of interest, whatever the form of ingestion. Elimination in any 
of the organic forms in which it was ingested would probably mean lack 
of assimilation or incomplete use after assimilation. Giacosa 3 says that 
all absorbed phytin is split with the formation of phosphates, part 
of the phosphates appearing in the urine and part in the feces. Berg- 
mann* reports that the subcutaneous injection of glycerophosphate in 
lambs was followed bv complete elimination as inorganic phosphates. 

It is usually said that in herbivora phosphorus is eliminated almost 
entirely by way of the intestine. Bergmann* found complete elirai- 


1 The authors wish to acknowledge their indebtedness to Prof. W. C. Coffey and .Mr. A. D. Emmett, 
oi the University of Illinois, for helpful surest ions and assistance in the planning and eondurtins of this 
experiment. , , , 

1 Kohler, A., Honcamp, F„ Just, M„ et al. flier die Assimilation dts Kalkes und der Phosphor, 
same aus verst-hied men Kalkpfiosphatcn durch wachsendc Tiere. In Land*. Vers. Sta.. Rd. 6r, He t 
5 6, p. 451-4.79. 1905. 

and Eisenkolbe, T . Wcitcrc l ntersuchungca liber die Assimilai ion der Phosphorwure 

und dcs Kalkes aus Kalkphosphatcn durch wai-hsende Tiere. h> Landw. T trs. Slat,, B( . ^. 

:.A MwjSo, 1907. . . 

3 Giacosa, P. Sulla fitina (sate calcico-maptcsiaco dell' addo anidrossimetilendifosfomn) e suo co - 
pwiarsi nell f organismo. in Gior. R. Acead. Med. Torino, ann. t>7, ‘ P- -da IW ' _ , 

‘ Bergmann, W. uCeber die Ausschcidung tier Pliosphors^ure heim Flcisch- und Ti an7.n re.. 

Arch. Exp. Path. u. Pharcnakol., Bd. 4 :. Heft t'?, p. :rfh- W’- __ 
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nation by this path in lambs after subcutaneous injection of ■«. 
inorganic phosphates or glycerophosphates. However, the observa^ 
tions of Le Clerc and Cook 1 on rabbits seem to form an exception t 
this general rule. 

The utilization and final fate of phosphorus compounds is probably 
in part determined by the amount and nature of the accompanying food 
constituents. That the amount of phosphorus in the ration affects the 
use made of protein by growing pigs is indicated by the work of Hart 
McCollum, and Fuller. 2 Work done in this laboratory by Williams and 
Emmett 3 does not show a variation in the percentage or the distribution 
of phosphorus in the bodies or the parts of the bodies of growing pig S 
resulting from variations in the amount of protein consumed. 

DESCRIPTION OR THE METABOLISM EXPERIMENT 
ANIMALS AND RATIONS USED 

Six high-grade Shropshire lambs were used in this experiment, which 
was a metabolism test of 12 successive days. Two representative lambs 
9 months old were chosen from each of three lots which had been fed from 
the time of weaning, June 25, until this experiment began, December 23, 
on the same feeds, though the proportions fed were different. The rations 
of the three lots, both before and during the metabolism test, consisted of 
alfalfa hay, shelled com, and old-process linseed meal. The quantity of 
alfalfa hay depended upon the appetite of the individual. Until Decem- 
ber 3 of the main feeding experiment there were fed 1.5 pounds of con- 
centrates for each 100 pounds of live weight, after which time actual 
increase of concentrates with the increase of live weight was deemed 
unwise. The daily allowance of concentrates, then, remained constant 
during the metabolism test. The concentrates of the ration for the low- 
protein lot consisted of 95 per cent of shelled com and 5 per cent of 
linseed meal; for the medium-protein lot the concentrates consisted 
of 75 per cent of com and 25 per cent of linseed meal; and for the high- 
protein lot they consisted of equal parts of com and linseed meal. Water 
was accessible at all. times. The amounts of feed and water consumed 
were determined by the difference between the quantities offered and 
those refused. 

CARE OR ANIMALS 

On December 17, 1910, each lamb was put into a metabolism cage 
which was large enough to allow the animal to turn around easily. To 
each lamb was strapped a canvas bag in which the feces were collected. 

> Le Clcrc, J. A., and Cook, F. C. Metaholisin experiments with organic and i^rganic phosphorus. 
In Jour. Biol. Chem., v. a, no. 3, p. *03-216. 1906. 

* Hart, E. B., McCollum, E. V„ and Fuller, J. G. The role of inorganic phosphorus in the nutrition 
of animals. Wis. Agr. Exp. Sta. Research Bui. i, 38 p., 7 fig. 3909. 

* Williams, R. H., and Emmett, A, D. A study of the phosphorus content of growing pigs with specia 
reference to the influence of the quantity of protein consumed. 111 . Agr. Exp. Sta. Bui. iji. P- 49S ' Jj0, ' 
fig. 1914- 
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The bag was lmed with o.ldoth m order to prevent loss of moisture md 
solid material. The feces were taken from these bags at a p m , J„ 
Under the wire grating of each cage there was a galvanizeddron trav 
which acted as a collecting funnel for the urine. The lambs were fed 
mice each day, at 7 a. m. and at 4 p. m. The concentrates were fed 
about 20 minutes before the alfalfa hay, and the grain orts were collected 
just before the hay was fed. The hay orts of the previous feeding were 
collected before each new feeding. The metabolism test proper extended 
from December 23 to January 3, inclusive. 


METHODS OF ANALYSIS 

The methods of analysis used in this experiment were essentially the 
same as the official methods of analysis of the Association of Official 
Agricultural Chemists 1 for all determinations except for the different 
forms of phosphorus. 

The methods used in determining the different forms of phosphorus in 
the feeds and feces were as follows: 

(а) Method of making a 0.2 per cent hydrochloric- acid extract.— A sample of 
suitable size (about 100 gm. of fcccs or 50 gm. of feed) was divided about equally 
between two 500 c. c. centrifuge bottles. A little powdered thymol and 300 c. c. of 
a 0.2 per cent hydrochloric-acid solution were added to each bottle. The bottles were 
wired spoke-wise to a bicycle wheel, which was revolved at the rate of about 38 revo- 
lutions per minute, and were shaken in this manner for from 12 to 14 hours. 

The bottles were then opened, the sides of each washed from a pipette with 23 c. c. 
of the acid solution, and then they were placed in the centrifuge, running at the rate 
of about 1,700 revolutions per minute, for 10 minutes. The dear solution in each 
bottle was carefully decanted into a 3-liter measuring flask. Then 100 c. c. of the 0.2 
per cent acid solution were added to each bottle. The bottles were shaken till the 
contents were homogeneous and the sides washed again with 25 c. c. of the solution. 
This process of extraction was repeated nine times. Generally a tenth extraction 
was made and tested qualitatively. The solution in the measuring flask was then 
made up to the mark with the 0.2 per cent hydrochloric-acid solution and thor- 
oughly mixed. If the solution in the flask was quite thick with sediment, it was 
allowed to settle and then the liquid was decanted through a 10-inch qualitative filter. 
Tlie filtering w as repeated till the filtrate was perfectly clear. 

(б) Total acid-soluble phosphorus determination.— Triplicate samples of 
100 c. c. each of the clear 0.2 per cent hydrochloric-acid extract were evaporated to 
dryness in weighed, ignited 3-iuch porcelain dishes, and ashed. The total phosphorus 
of this ash was determined in the usual manner. 

(c) Acid-insolublE phosphorus was determined by subtracting the total acid- 
soluble phosphorus from the total phosphorus of the feeds or feces. 

(if) Inorganic acid-soluble phosphorus determination— Triplicate samples 
of 150 c. c. of the acid extract were each treated with 25 c. c. of magnesia mixture. 
This magnesia mixture was added slowly, drop by drop, while the solution was being 
stirred. After the solutions had stood for 15 minutes, 20 c. c. of ammonia (sp. gr. 
0.90) were added to each beaker and the solutions allowed to stand for 12 hours. At 
the end of this time the solutions were filtered through double 11 cm. filters and the 

1 Wiley, H. w., et al. Official and provisional methods oi analysis, Association of Official Agricultural 
Chemists. U. S. Dept. Agr. Bur. Chem. Bui. 107 (rev.), zja P-, ” ^8* I 9 cS - 

96502°— 15 7 
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beakers and precipitates washed a number of times with a 2 % per cent ammonium, 
hydroxid solution. The inside filters and precipitates were returned to their respec 
tive beakers, treated with 25 c - °f dilute nitric acid, and the filters well shredded 
with the stirring rods. Clean beakers were put under the funnels, the solutions 
filtered through their respective funnels, and the filters washed repeatedly with 
boiling distilled water. To each solution 15 c, c. of ammonia (sp. gr. 0.90) were added 
The solutions were then made slightly acid with pure nitric acid. The phosphorus 
was precipitated with acid ammonium molybdate and the phosphorus determination 
continued as usual. 

(e) Organic acid-soluble phosphorus was determined by subtracting the in. 
organic acid-soluble phosphorus from the total acid-soluble phosphorus. 

It should be said in this connection that since these different forms of 
phosphorus were determined in connection with this investigation it has 
been clearly demonstrated in this and other laboratories that the above 
methods, or, in fact, any other methods at present known for the separa- 
tion and estimation of inorganic and organic phosphorus in vegetable 
substances, are not strictly accurate and give only approximate results. 
It is the opinion of the authors that the above methods are as accurate 
for this purpose as any known at present and that the results obtained 
are probably a fair approximation to the true values for the inorganic 
and organic phosphorus in the materials examined. 

LIVE WEIGHTS AND TOTAL GAINS IN BODY WEIGHT 

The lambs were weighed the three days immediately before they were 
put into the digestion crates and the three days immediately following 
the metabolism test. The average of each of these three weights is given 
in Table I, together with the total gain in weight of each lamb from 
December 15 to January 5. 

Table I. — Live -weights and total gains in live weights (in pounds) of lambs in metab- 
olism test 


It™ 

I Low-protein ration. 

Medium-protein 

ration. 

High-protein ration. 

Lamb 
No. 468. 

Lamb 
No. 463. 

Lamb 
No. 46a. 

Lamb 

No. 458- 

Lamb 
No. 453. 

Lamb 
No. 451. 

Live weight Jan. 5 

Live weight Dec. 15 

Total gain 

1 10. 0 
108. 5 

106. 5 
102. $ 

118. 0 
115. 0 

131. 0 

«S- 5 

H 4-5 

1 12. 0 

118.5 

II 5-5 

I - 5 

4-0 

3 -o 

5-5 

2-5 
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WEIGHTS AND COMPOSITION OF FEEDS CONSUMED 

The quantities of the feeds consumed by the individual lambs during 
the 12 days of the metabolism test, expressed in grams per day, are 
given in Table II. Lamb 463 ingested a ration relatively very high m 
roughage, while lambs 468 and 462 ingested a ration relatively low m 
roughage. Lamb 458 ingested the largest quantity of total feed. e 
chemical composition of the feeds consumed is giveft in Table II ■ 
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Tablr II.— Rations consumed by lambs in metabolism test 
(Results expressed in trams per day] 


IpW-pfoteitt. 

Average . 
Medhnn-proteu 

Average 

High-protein.. 

Averse 


/ 462 

11 1 458 1 

593 - 8 ! 
793 - 7 

758. 5 
| 820. 0 ' 

1 : 1. 28 
1:1.03 


693.8 

i 7 S 9 - 3 

- 

• 

1 : 1. 14 

I 453 

700.5 

735 -o 

r : 1. 05 

l 45 i 

694.1 

747.8 

1 : 1. 08 


1 $ 97 - 3 


" 


| 74 1 - 4 

1 . 1. 


Hay con- ; i Ratio of 

sumed. ? trates 1 rciughagtio 

■ “msumed. concentrates. 


494 - 9 l 625.9 
759 9 I 556 - S 


627- 4 | 59 


i : 1. 26 
1 : 0. ; ! 


Table HI.— Chemical composition (in percentage) of feeds consumed by lambs 


Feed, 

Dry 

matter. 

Protein.* 

Nonpro- | 
tein. 4 ! 

Ether 

extract. 

Car bo 
hydrates. 

Ash. 

Phos- 

phorus. 

Total 

niiro 

gen. 

Alfalfa hay 

85. l8 

12. 50 

2. 16 

i. 78 ! 

60. 60 

8. 14 

a 216 

2. 46 

Com 

88.56 

6. 89 

0-93 

4.05 

75 - 46 

1. 23 i 

. 269 

*■30 

Linseed meal 

90. 06 

S l - 79 

d 3 - 16 

6.38 

43-04 

5 - 3 2 

. 88t ' 

5 - 8.3 

Do. c 

89. 46 

3a 88 

d 3- *4 

6. 36 

43-29 

5 - 4 i 

.864 

5-69 


a Protein nitrogen X 6.as* e This sample was fed during period 3. 

b Nonprotein nitrogen X 4.7. d Calculated from Armsby's data. 


nutrients digested during the metabolism test 

The apparent coefficients of digestibility of the nutrients and the 
amounts of nutrients apparently digested during the metabolism test 
were calculated from the weights and the analyses of the feeds, orts, and 
feces. The weights and composition of the feces are given in Tables IV 
and V, respectively. The apparent coefficients of digestibility of the 
nutrients are given in Table VI. The quantity of dry matter, protein, 
nonprotein, ether extract, carbohydrates, ash, phosphorus, and nitrogen 
apparently digested daily by each lamb during the 12. days of the metab- 
olism test, together with the calculated values for the metabolizable 
energy, or fuel values expressed in Calories, are given in Table VII. 


Table IV .— Weights of feces and urine of lambs 

[Results expressed in grams per day] 



1 

Low-protein ration, j 

Medium-proLein ration. 

High-proti 

ration. 

Material. 

Lamb No. 
468. 

Lamb No. 
463. 

Lamb No. 
46:. 

Lamb No. 
45 «- 

Lamb No. 
453 - 

Lamb No. 
45 i- 

Feces. ., 

639 

486 

974 

663 

879 

i, 3 22 : 

I 98.5 

| I.263 

1,021 

1, 167 

Urine. . . 

896 

| 813 
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Table V , — Chemical composition ( in percentage ) of the feces of lambs 


Ration. 

Lamb 

No. 

Dry 

matter. 

Crude 

protein. 

Ether 
extract . 

Carbohy- 

drates. 

Ash. 

Phos- 

phorus. 

Total 

nitrogen. 

Meu. 
Julie nj. 
ttogen. 

5<>7 

•557 

Low-protein 

Average 

Medium-protein. . . . 

Average 

High-protein 

Average 

r 468 

1 463 

32-31 
3 2 * 65 

6.80 
6. 26 

I. 90 

I. 90 

19.77 

20.85 

4.13 

3-93 

0. 401 
■332 

I.088 

I. OCI 


32. 48 

6-53 

I. 90 

20.31 

4*03 

■367 

1.045 

.562 

•504 

1 -432 

r 462 

1 458 

3 2 - 95 
27. 64 

6. 30 
5* 5° 

I. 91 

I. 20 

20. 71 
17.67 

4*3° 
3* 46 

. 416 
•342 

I *°°7 

.880 


30.30 

5- 90 , 

I. 56 

19. IQ 

3*88 

•379 

•944 

.468 

/ 453 

l 45 1 

35- 55 
31.68 

6. 00 
6. 03 

1* 59 
1. 50 

20.73 

I9.99 

I 4-43 

1 4- 3 2 

. 520 
• S 22 

■ 960 
.969 

•422 
| -438 

•430 


33*62 

6.03 

x * 55 

20.36 

4-38 

-521 

.964 


Table VI . — Apparent coefficients of digestibility of the nutrients of the rations of lambs 



Low-protein ration. 

Medium -piot ein ration. 

High-protein ration. 

Constituent. 

Lamb 

No. 

Lamb 

No. 

Aver- 


Lamb 

No. 

Aver- 

Lamb 

No. 

Lamb 

No. 

Aver- 


468. 

463. 


4 6 4 . 

458. 


453 - 

451. 

age. 

Dry matter 

78.9 

72.I 

75 - 5 

75-5 

74.0 

74-8 

74-5 

74-3 

74-4 

Protein 

6l. 3 

56.6 

59 ° 

68.2 

6 3-9 

66. 1 

73-7 

73 - 1 

73-4 

Nonprotein 

100. 0 

IOO. O 

IOO. 0 

100. 0 

100. 0 

100. 0 

100. 0 

100.0 

100.0 

Ether extract 

65. 0 

50. I 

57- 6 

63.2 

69. 0 

66. i 

68.8 

70. 2 

6 9 -S 

Carbohydrates 

83- 5 

76. 7 

80. 1 

79 - 1 

77-5 

78-3 

76.5 

76.4 

76.5 

Ash 

45- 6 

44.6 

45 - 1 

42. 0 

43 * 6 

42. 8 

4 S- 2 

45-3 

45- 3 

Phosphorus 

Nitrogen 

12. 9 

2-5 

7-7 

18.5 

^•5 

15.0 

10. 0 

8. 0 

9.0 

67.3 

64. 1 

65*7 

73 - 3 

69.9 

71.6 

77-9 

77-3 

77.6 


Table VII. — Amounts of nutrients apparently digested by the lambs and the metaboli- 
zable energy of the digested nutrients 



Low-protein ration. 

Medium- protein ration. 

High-protein ration. 

Constituent. 

Laxnb 

No. 

46S. 

Lamb 

No. 

463. 

Aver- 

age. 

Lamb 

No. 

46.. 

Lamb 

No. 

458* 

Aver- 

age. 

No. 

ASS’ 

Lamb 

No. 

4S»* 

Aver- 

age. 

Dry matter gm. . 

769. 78 

823. 58 

706. 68|8go. 62 

h °39- 30 

964. 96 

932* 36 

934* 75 

933*5^ 

Protein gm • • 

71. QI 

79- 34 

75-63 

1 19. 05 

128. 90 

123.98 

105- 23 

169. 15 

167. 19 

Nonprotcin gm. . 

16. 86 

22. 05 

19. 46 

24. 38 

29*43 

26. 91 

30. 65 

30. 9 1 

30.78 

Ether extract. . . gra . . 

22. 62 

18. 22 

20, 42 

28. 78 

35- 39 

32.09 

34*53 

35* 9 1 

33* 22 

Carbohydrates. , gm . 

637. 24 

670. 04 

653' 64 

663. 10 

806. 63 

734- 87 

662. 78 

660. 09 

66144 

3 6 ' 2 S 

Ash gm. . 

22. 21 

30. 85 

26. 53 

27, 36 

35*58 

3 1 * 47 

35* 9 1 

3 6 - 59 

Phosphorus gm . . 

•38 

. 10 

.24 

*83 

-59 

■7i 

■57 

• 47 

• 5 2 

Nitrogen gm. . 

Metabolizable en- 

14 - 37 

T 7-42 

15. 90 

24-38 

27. 04 

25 * 7 * 

33 * 23 

33 * 75 

33- 49 

ergy 0 Calories. . 

3 » 2 39 

3.390 

3.315 

3,626 

4.348 

3.987 

3.891 

3 , 9<>9 

3 , 9 °° 


a The metabolizable energy ol a ration is the energy that can be liberated and utilized able 

or the gross energy less the energy contained 111 the feces, urine, and intestma! T « ts by tbt 

energy of the rations has been calculated by multiplying the weights of J^ digesuUe tn . bk 

following factors: Digestible proteins and nonprotems, 4.1; digestible carbohydrates, 4 
ether extract. 8 . 8 . 
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PHOSPHORUS OF THE RATIONS 

PHOSPHORUS CONTENT OP THE FEEDS OFFERED 

The percentages of the different forms of phosphorus found hl tte 
different feeds of the rations are stated in Table VIII. 


Table VIII. Different forms of phosphorus in the feeds of lambs 
(Results expressed in percentage «>( the fresh substance) 


Feed. 

Total phos- 1 

Acid- 

Acid-: 

soluble phosphorus, 



| phosphorus. 

Total. 

Inorganic. 

Organic. 

Alfalfa hav 

0216 

0.058 

• 1X1 ' 

a 158 


1 



. 269 
.881 

0. 149 

0. 009 

i incppd meal 

.652 

.156 
. 229 

•031 

. 105 


.X2J 

. 102 


It is significant that, while the com had 1.25 times as much total 
phosphorus as the alfalfa hay, the linseed meal had 4.07 times as much 
as the hay; also that the com had 2.30 times as much acid-insoluble 
phosphorus as the hay, and the linseed meal had 11.23 times as much. 
The linseed meal had a much higher content of total phosphorus than 
either the hay or the com, and this increased phosphorus was largely in 
the acid-insoluble form. Neither the com nor the linseed meal had as 
high content of inorganic acid-soluble phosphorus as the hay. 

Since the gradations in protein given to the three lots were made by 
increasing the amount of linseed meal in relation to com and since the 
linseed meal was richer than the com in total phosphorus, in acid- 
insoluble phosphorus, and in organic acid-soluble phosphorus, while the 
two concentrates were practically identical in organic acid-soluble 
phosphorus, it is evident that the high-protein lot received concentrates 
which were richer in all forms of phosphorus with the exception of the 
organic add-soluble form than were those received by the medium- 
protein lot. The same was true of the medium-protein lot relative to 
the low-protein lot, but the three lots were offered practically the same 
quantities of organic add-soluble phosphorus. 


AMOUNTS OF PHOSPHORUS INGESTED 

The average daily quantities of the different forms of phosphorus 
ingested by each lamb as calculated from the weights and analyses of the 
feeds and the orts are given in Table IX. 
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Table I X.— Average daily amounts of the different forms of phosphorus ingested h 
lambs s a °y 


{Results expressed in grams per day] 


Ration. 

Lamb 

No- 

Tout 

phos- 

phorus, 

Add- 

insol- 

uble 

phos- 

phorus. 

Add-soluble phosphorus. 

Total. 

Inor- 

ganic. 

Organic. 

Low-protein 

/ 468 

t 463 

2.94 
3- 34 

I.24 

I* 31 

I. 70 
2.03 

°- 99 
i-34 

0. 71 
.69 

■ 70 

Average 

Medium-protein 

Average 

High-protein 

Average 


3- 

I. 27 

I. 87 


f 462 

1 458 

4 - 48 

5* 11 

2. 29 
2. 58 

2. 19 
2-53 

r * 34 
1. 61 

" ^ 
.92 

1 

4. 80 

2- 44 

2. 36 

M7 



J 453 

A 451 

5.68 
5- 79 

3-^5 
3- 3 1 

2. 43 
2. 48 

1. 61 

1. 64 

.82 

.84 

•83 

l 

5* 74 

3.28 

2. 46 

1.63 


The low values for total and for inorganic acid-soluble phosphorus with 
lamb 468 are to be accounted for by his relatively low consumption of hay. 

The lot differences in the total phosphorus ingested were due primarily 
to differences in the amounts of linseed meal in the rations offered, but 
are affected also by the fact that the low-protein lot did not ingest as 
much of the concentrates as the others, as is shown from the data of 
Table II. 

The lot variations in the amount of add-insoluble phosphorus ingested 
were greater than in that of the total phosphorus. The amount of this 
form of phosphorus ingested by the medium-protein lot was 192 per cent, 
and by the high-protein lot 258 per cent of the amount ingested by the 
low-protein lot. This large variation between the low- and medium- 
protein lots was due mainly to a difference in the amount of concentrates 
consumed and to the richness of the concentrates in this form of phos- 
phorus, owing to its 'higher content of linseed meal. The main cause for 
the difference between the amounts of acid -insoluble phosphorus ingested 
by the medium- and high-protein lots was the fact that the add-insoluble 
phosphorus content of the concentrates differed considerably, the differ- 
ence between the quantities of hay or concentrates consumed by the two 
lots amounting to little. 

The amount of acid-soluble phosphorus ingested by the medium-protein 
lot was 126 per cent and that by the high-protein lot was 132 per cent of 
that of the low-protein lot. Since the acid-soluble phosphorus content 
of the concentrates did not differ much, being for the low-, medium-, an 
high-protein lots 0.141, 0.160, and 0.183 P er cen ^» respectively, the 1 
ferences between the lots were due largely to the variation in the wag ts 
of hay and concentrates consumed. 
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The amount of inorganic acid-soluble phosphorus ma esl ' d k, 
nedium-protein lot was 126 per cent and the amount invested hi m 
^. protein lot was .39 per cent of the amount ingested" bv the 1 Z 
-■■tin lot. The causes of this variation were the same ‘ * 


r ~ , . as those for the 

total phosphorus. 

the lot average of the organic acid-soluble phosphorus for the medium 
protein lot was 127 per cent and that for the high-protein lot was no 
per cent of the lot average for the low-protein lot. The cause for the 
difference between the low- and medium-protein lots is traceable to both 
the amount of the feeds ingested and their richness in this form of phos- 
phorus. The medium-protein lot exceeded the low-protein lot in the 
consumption of both hay and concentrates, but mainly concentrates 
and the hay contained only 0.009 per cent of this form of phosphorus’ 
while the concentrates fed to both the low-protein and the medium- 
protein lots contained 0.105 per cent. The difference between the 
organic add-soluble phosphorus for the medium- and the high-protein 
lots was due chiefly to a difference in the amount of concentrates con- 
sumed. This is clear when it is noted that the average consumption for 
the medium-protein lot was 693.8 gm. of alfalfa hay and 789.3 gm. of 
concentrates, while that for the high-protein lot was 697.3 gm. of hay, 
and 7414 gm. of concentrates, the medium-protein lot exceeding the 
high-protein lot in the consumption of concentrates. The organic acid- 
soluble phosphorus content of the concentrates fed the two lots also had 
a small influence. 

The percentage distribution of the ingested phosphorus among the 
different kinds is recorded in Tabic X. It will be noted that the relative 
amounts of the four different forms of phosphorus ingested by the three 
lots of lambs varied deddedly. 


TABLE X . — Relative amounts oj the different forms oj phosphorus ingested by lambs 
[Results expressed in percentage of the total phosphorus ingested] 


' 


T " tal ' insoluble 

Arid-soluble phosphorus. 

Ration. 

No. 

£ hos - phos- 

P hon,s ' phorus. 

Total. 

Inorganic. Organic. 

Low-protein 

f 468 
l 463 

ICO , 42. 2 
100 ■ 39. 2 

57-8 

60.8 

33 - 7 | 2 4 - 1 

40. 1 1 20. 7 

Average 


100 | 40. 7 

594 

36.9I 22-4 

Medium-protein 

/ 463 

t 458 

100 | 51. 1 
100 j 50. 5 

48.9 
49 5 

29.9 j 19.O 

31.5; J 8 - 0 

Average 


| 100 j 50.8 

j 49.2 

30. 7 ; 18. 5 

High-protein ' 

| 453 

100 57.2 

I 42 - 8 

1 42, 8 

28. 4 4 

28.3 ' 14-5 


l 45 i 1 

300 57 - 2 



Average 


j TOO | Sr 2 

42. 8 

28. 3 i +5 
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RELATIONS BETWEEN THE PERCENTAGE OF PHOSPHORUS AND cm 
PROTEIN IN THE FEEDS * UF 

Attention has been called to the fact that, while the rations were 
primarily planned to furnish marked differences in the protein received 
by the different groups of animals, such differences in the protein were 
necessarily accompanied by corresponding differences in the amounts 
and kinds of phosphorus received. The percentages of protein and 
phosphorus and the ratios of phosphorus to protein in the several feeds 
offered and in the concentrates of the different lots are given in Table XI 

TahlH XI . — Phosphorus and protein content of the feeds compared 


Fwxl. 


Alfalfa hay 

Com 

Linseed meal 

Concentrates of Lot I . . 
Concentrates of Lot II. 
Concentrates of Lot III 


Phosphorus. 

Protein. 

Ratio of 

phosphorus 
to protein. 

Per cent. 

Per cent. 


o. 216 

12. 50 

1 • 57-9 

. 269 

6. 89 

i : 25. 6 

. 8Sl 

3 1 * 79 

i : 36- 1 

.300 

8. 14 

i : 27. 1 

. 422 

13- 12 

1 ‘ii.i 

•575 

19-34 

* =33-6 


It is evident from the data given in Table XI that there are marked 
differences between the ratios of phosphorus to protein in alfalfa hay, 
com, and linseed meal. On the other hand, the ratios between the phos- 
phorus and protein in the concentrates fed Lots I, II, and 111 are not 
markedly dissimilar. 

PHOSPHORUS IN THE FECES AND URINE 
PHOSPHORUS CONTENT OF THE FECES 

The percentages of the different forms of phosphorus found in the 
feces are given in Tabic XII. The average daily excretion of the differ- 
ent forms of phosphorus in the feces and of the total phosphorus in the 
urines is given in Table XIII. 
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TablS XII. Different forms o/pk nphmu in thef m 

[Roults oinxtd m Keaton a , h , 


— — — 



— 

_ 




Ration. 

Lamb 

No. 

Total 

phos- 

phorus. 

Arid- 

insoluble 

phos- 

phorus. 

Acid-soluble phosphorus. 

Total. Inorganic. 1 Uremic. 


f 468 

O.400 

0. 06^ 

°- 335 
.284 

- -- 



1 463 

•333 

.Q49 

.263 

. 021 

Average 


•36/ 

•057 

• 310 

.292 

.018 

' 

Medium-protein | 

f 462 
l 458 

; -416 

•342 

1 • ° 4 2 

I * °65 

•374 
• 2 7 ? 

•338 

•s >4 

.036 

.°>3 

Average 


1 -379 

i -°53 

• 326 

- 296 

. 030 

Uw»Vi nrntplll 

j 453 

I . 520 

. 109 

• 4 H 

. * 39 ° 

.402 

. 021 

nign-pccjitJii. . 

l 45 t 

; - 5 2 ‘ 

] • 078 

• 443 

. 041 

Average 


‘ . 520 

| -«9 3 

•427 

•396 

• 93 1 


Ta8LR XIII —Different forms of phosphorus excreted by kmbs 
[Results expressed ia grams per day] 


Total 


Acidt Acid-soluble phosphorus, 

; insoluble 

phos- j 

! phorus. Total, Inorganic,: Organic 


r 


Low-protein . 


468 ; 
4<>3 ; 


Average 2. 

Medium-protein. . 


Average . 
High-protein. . . 
Average . 


462 j 

458 1 


453 

45i 


2. 14 
2, 76 


2. 05 
2. 56 


45 2 . 45 ’ 2. 30 


3. 29 j 2. 97 
3- 66 i 3- 3 6 


3 4S I 3. 17 


4.04 | 
4- 5 2 i 


3*3 
4. 10 


4. 28 , 3. 97 


Total 

phos- 

phorus. 


As is usually the case with herbivora, by far the largest part of the 
phosphorus was excreted in the feces. With these lambs the quantities 
of phosphorus in the urine were all less than 0.02 gm. per day, while 
those in the feces ranged from 2.6 to 5.3 gm. per day. Evidently, there- 
fore, the phosphorus of the feces is not unassimilated, but in large part 
is assimilated material which has been excreted into the intestine. 
Probably the data of the acid- insoluble form more nearly represent those 
of the undigested phosphorus than do any other figures, 
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The amounts of total phosphorus excreted and of fecal phosphorus 
increased with the quantities of phosphorus and protein fed, but the 
amounts in the urine remained practically constant. 

The data for the different forms of phosphorus in the feces, the total 
phosphorus in the urine, and the total phosphorus stored in the body 
expressed in percentage of the total phosphorus ingested, are given in 
Table XIV. 

Table XIV . — Different forms of phosphorus in the feces of lambs, ike total phosphorus 
in iheir urine, and the total phosphorus stored 


[Results expressed in percentage of total phosphorus ingested] 


Ration. 

I No. b 

Total 

phos- 

phorus. 

Arid- 

insolu- 

ble 

phos- 

phorus. 

Acid-soluble phosphorus. 

Total 

phos- 

phorus. 

Stored 

Phos- 

phorus. 

Total. 

Inor- 

ganic. 

Or- 

ganic. 

» 

Low-protein 

/ 468 

l 463 

87.I 

97.O 

14- .3 
14. 4 

72. 8 
82.6 

69. 7 
76. 6 

3 - 1 
6. 0 

0-5 

•4 

I2.4 

2 ‘5 

r 5 


92. I 

14. 4 

77 • 7 ! 73 - 2 

4-5 

•4 

Medium- protein 

Average ! 


I 462 i 
l 458 

81-7 

88.5 

"*77 

16.8 

73-4 
71. 7 

66.3 

65.8 

71 

5.5 

1 ‘ 3 
•4 

18. 0 
II. I 


| 8 S - 1 

12. 5 

72. 6 i 66. 1 

6.5 S .3 

14. 6 

High -protein 


/ 453 
l 45 1 

•90. 0 
9 1 - 9 

18. 9 
13.8 

71. 1 i 67. 4 

78. 1 ( 70. 8 

3-7 <3 

7-3 ! - 2 

i 9-7 

I 7- 9 

Average 


| 9 1 - 0 

1 

16. 4 

74. 6 : 69. r 

5 - 5 ! • 2 S. 3 




It is evident from the data given in Table XIV that, on an average, 
89.4 per cent of the total phosphorus ingested by the lambs was excreted 
in the feces. On an average, 75 per cent of the ingested phosphorus of 
the feeds was excreted in the feces in a form soluble in 0.2 per cent 
hydrochloric-acid solution, while 69.5 per cent of the total phosphorus 
consumed was excreted in the feces in the inorganic form. 

On account of the small number of animals in each group and the 
marked individual differences in the data for the different forms of 
phosphorus in the feces, the total phosphorus in the urine, and the total 
phosphorus stored in the body expressed in percentage of the total 
phosphorus ingested, it is impossible to make out significant group differ- 
ences due to the differences in the quantities of protein and phosphorus 
ingested. 

The data for the percentage distribution of the different forms of phos- 
phorus in the feces in percentage of the total phosphorus are given in 
Table XV. 



J9IS Phosphorus Metabolism oj Lambs 

TABLfi XV. Distribution of th forms of phosphorus in tkcjacs ofl ambs 


[Results expressed iii percentage erf the total phosphorus] 


Ration. 

Lamb 

'rotal 

phes- 

phunjs. 

Acid-in- ; 

Acid soluble phosphurui. 


phes- l 
phorus. j 

Total. ■ lnor - 
gaoir. 

Organic. 


{ 4 f 

TOO. 0 

16.4 j 

83. 6 j 80. 1 

— 

Low-protein 

l 463 

100. 0 

14.8 ! 

85. 21 79, 0 

6 . 'J 



100.0 

15. 6 j 

8 4 - 4 1 7 q. 




4.8 

. 

/ 462 

100. 0 

i 10. 1 j 

89 - 9 j 81. I 

81. 0 ! 74. s 

8.8 

6.7 

jtfediurfl-proteifl 

l 45 & 

I 100. 0 

• * 9 - 0 ] 

ivpriLfiK 1 . . . , , . . . 


10c. 0 

; - i 

85 - 5 l~nT 




: 14 y '■ 

j 7.8 


| 453 

j IOC. 0 

! 20 9 I 

79 - 1 75. 0 

, 

Higk-protem 

jl 451 

! 100. 0 

: 15. oj 

85.O 77. ! 

7-9 

Average 

! 

100. 0 

. 1 7 - 9 . 

82. r 76. 1 

'■ 6. 0 


It is apparent that there are no significant group differences in the 
distribution of the different forms of phosphorus in the feces. The 
variations within the lots arc as great as between lots. The significant 
facts shown by these results are the relatively small percentage of acid- 
insoluble phosphorus and the relatively large percentage of acid-soluble 
inorganic phosphorus in the feces. 

The results for the forms of phosphorus in the feces in percentage of 
the amounts of the same forms ingested are given in Table XVI. 


'Table XVI . — The forms of phosphorus in the feces of lamta a 


[Results expressed in percentage of the amounts of the same forms ingested! 


Add- ■ Acid-soluble phosphorus. 


| phorus. pi^s. | Total. ; Inorganic. Organic. 



1 468 j 
l 463 i 

87. r 

33 Q j 

” 5 - 9 
136.0 

207. 1 
191.0 

12.7 


97.0 

36. 6 | 


Average 


92. 1 

35-3 i 

i 3 r 0 

199. 1 

2O.9 


46 »i 

Si. 7 
88. 5 

16.2 I 
33 - 3 1 

149-3 

144-7 

221.5 
208. 7 

H 


l 458 


Average 

1 1 

S5. 1 

1 24 - 8 j 

147. 0 

! 215. 1 

35. 2 

High-protein 

'{ :p! 

90. 0 

91. 0 

! £!l 

166.3 

182-3 

j 237-9 
| 2?0-0! 

25-6 
! 50.0 

Average ' . 


91. 0 

28. 0 j 

174-3 

: 244 - 0 

! 37-8 


i ; 

; -L 




“ 


■ Values above ico indicate larger amounts excreted in the given form than were ingested i 



472 


Journal of Agricultural Research 


__ Vo 1 -iv,x 0 .j 

The variations for the forms of phosphorus in the feces in percent 
of the amounts of the same forms ingested are marked, both within the 
lots and between the lots. The cause of these variations is not apparent 
from the data available. It is, however, evident that the forms of phos 
phorus of the feeds underwent profound changes during the processes of 
digestion and metabolism. A large proportion of the acid-insoluble 
phosphorus of the feeds was converted into acid-soluble phosphorus and 
a large part of the soluble organic phosphorus was also changed into 
acid-soluble inorganic phosphorus. 


PHOSPHORUS BALANCE 


The daily phosphorus balances of the lambs for the continuous 12-dav 
metabolism test are given in Table XVII. 

Table XVII . — Daily phosphorus balances (in grams) of lambs in %etabolism test 


Ration. ! 

Intake. 

Feces. 

Output. 

Urine. 

; Balance. 

Total. 

Low-protein j ^ 

2.94 
3 - 34 

2. 56 

3 - 24 

0. or6 
.015 

2.576j 0.364 

3 . 25 S| .085 

Average | 

3- 14 

2. 90 

. 016 

2- 916 ] . 224 

Medium-protein ! j 

1 4-48 

| 5 - 11 

3.66 
4 - S 2 

• 012 ! 3 - 6 72 . 808 

. 018 4. 538 j . 5?2 

Average 

4. 80 4. 09 

. 015 [ 4. 105 | . 695 

High-protein { 

5-68 
5 - 79 

5 - ” 

5 - 3 2 

. 018 1 5. 128 ; . 552 
• 0L 4 j 5 - 334 ! ■ 456 

Average 

5 - 74 | 5 - 22 

. 016 

5 " 236 ■ 504 


All of the lambs showed positive phosphorus balances. Even the low- 
protein lot, which, on an average, ingested 3.14 gm. of phosphorus per 
day, showed a balance of 0.224 S m - P er day. These low-protein lambs 
were fed the same feeds in the same quantities per 100 pounds of live 
weight from weaning time, June 25, to January 28, a period of 217 days, 
as they wepe fed during this metabolism test. During the main feeding 
experiment they made an average daily gain of 0.28 pound per head 
per day. From these satisfactory gains for a period of 7 months and 
the positive phosphorus balance shown during the metabolism period of 
12 days, it is probable that the phosphorus requirement for the normal 
growth and fattening of lambs is not more than 3 gm. per day per too 
pounds of live weight. 

From the available data it is not apparent that there was any corre- 
lation between the quantities of phosphorus stored and the quantities 
of protein and phosphorus ingested. 




« There are marked diffcre,1 cfs in the percentages ot the m 
forms of phosphorus occurring in alfalfa hay, com, and linseed m ed td 
in the ratio of phosphorus to protein in these feeds \ l ar „ e . ’ " 
phosphorus of alfalfa hay consists of the acid-soluble inorganic f!,™ 
,he phosphorus of corn is equally divided between acid-insoluble and 
acid-soluble, the soluble being largely organic; and the phosphorus rf 
linseed meal is largely in the acid-insoluble form, the soluble being about 
equally divided between inorganic and organic phosphorus 

(а) Upon a ration of alfalfa hay, com, and linseed meal lambs excrete 
in the urine only two-tenths to five-tenths of i per cent of the total 
phosphorus ingested. 

( 3 ) The forms of phosphorus excreted in the feces of lambs show that 
the forms of phosphorus in the feeds consumed undergo marked quali- 
tative and quantitative changes during the processes of digestion and 
metabolism. A large proportion of the acid-insoluble phosphorus of 
the feeds is converted into acid-soluble phosphorus, and a large part of 
the soluble organic phosphorus is also changed into acid-soluble inor- 
ganic phosphorus. Therefore, there is relatively only a small percentage 
of acid-insoluble phosphorus and a relatively large percentage of inor- 
ganic acid-soluble phosphorus in the feces. 

(4) The results of this metabolism experiment, together with those 
of the main feeding experiment of 217 days’ duration, indicate that the 
phosphorus requirement for the normal growth and fattening of lambs 
does not exceed 3 gm. per day per 100 pounds of live weight. 

(5) There is no evidence of correlation between the amounts of phos- 
phorus retained in the body, on the one hand, and the amounts of phos- 
phorus ingested, the amounts of protein ingested, or the body weights 
of lambs, on the other hand. 

(б) Variations in the quantity of digestible protein consumed from 
1.56 to 3.19 pounds per 1,000 pounds of live weight per day by lambs 


do not influence significantly the forms of phosphorus in the feces, the 
total phosphorus in the urine, or the total phosphorus stored in the 
animal body, expressed in percentage of the total phosphorus ingested. 




A BACTERIAL DISEASE OF LETTUCF 

[a preliminary report] 

By Nellie A. Brown, 

Assistant Pathologist , Laboratory of Plant Patholonv 
Bureau of Plant Industry ' J ' 

I„ January .9.5, some diseased lettuce plants (Uluc, w „ ; «) were 
sent to the United States Department of Agriculture from X-dm T 
The letter accompanying them stated that the disease was ruining the 
lettuce crop in that section, that about 200 acres of lettuce plants were 
’badly infected, and that the fields looked as though a fire had swept 
through them. 

At first the growers thought the disease was due to the excessive use 
of cottonseed meal, but it was reported in fields where no cottonseed 
meal was used. It occurred on high land, but was most prevalent on 
flat land. There had been excessive rainfall for three months in the 
affected region; however, there were fields within 10 feet of the infected 
area that showed no visible trace of infection. 

The plants received by the Department were full-grown heads with 
some of the outer leaves entirely shriveled and dried and some of them 
in a soft-rotted condition. The centers of the heads were sound, but 
between the center and these dead outer leaves were others affected in 
varying degrees. In some places there were numerous separated spots 
with a water-soaked appearance. In other places the spots had fused. 
Portions of many leaves were in a bad condition, while other parts of 
the same leaves were sound. 

Razor sections of areas showing the earliest evidence of the disease 
were examined under the microscope, and numerous bacteria were found 
in the cells and between them. Fungus threads were not detected. In 
the advanced stages of the disease the palisade cells and the loose paren- 
chyma cells had collapsed. Some of the younger diseased areas were 
used for isolating the organism presumed to cause the trouble, the 
isolation being made by means of agar-poured plates. The organism so 
obtained w r as proved to be infectious. 

Colonies appeared three days after pouring the plates. Those colonies 
which produced the disease when they were inoculated into healthy let- 
tuce plants were later studied carefully on agar plates. When very young 
they are round with entire margins smooth, translucent, cream-white 
in reflected fight, bluish in transmitted light, with fish-scale-like markings 
which are not always present and which do not seem to be on the suriace. 
These markings disappear as the colonies get older. Whe n 3 days o ld, 
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many colonies have a denser margin which is lighter colored than the 
center. When older, the center is not always uniform in color. It may 
have yellowish bands or mottlings and patches of the lighter margin 
color in it. There is not always a definite light margin , and some colonies 
seem quite uniform throughout. The colonies range from 3 to 5 mm. in 
diameter. On agar stroke this mottling is present when the culture is 
young, but disappears in both stroke and plate colony as they get older. 
Inoculations have been made with the mottled colonies and those uni- 
formly colored— that is, either cream-colorcd or bluish throughout. All 
types are infectious. 

Using subcultures from single colonies, the disease was reproduced 
with this organism by needle-prick inoculations four different times (12 
plants) and twice by spraying water suspensions of it on middle-aged 
plants growing in the greenhouses (7 plants). Checks held under the 
same condition of heat and moisture remained healthy. Reisolation 
inoculations by means of needle pricks were also made, and these, too, 
were successful. 

The organism is a bacterium, 1 motile by means of from one to three 
polar flagella; it is non-gas-forming in peptone water with the sugars and 
alcohols tried (dextrose, lactose, saccharose, maltose, mannit, and 
glycerin). It did not cloud the closed end in any of the fermentation 
tubes, but it clouds beef bouillon + 15 in less than 24 hours at 23 0 C. when 
transfers are made, from beef bouillon. In 10 days the bouillon has 
become a lime-green color. 2 The organism clears sterile milk in 15 days 
without coagulation, the cleared fluid becoming a pale turtle-green color. 
It blues litmus milk and will grow in peptone-beef bouillon at tempera- 
tures ranging from 1.5 0 to 34.5 0 C., though it will not grow in bouillon 
at 36° C. The thermal death point lies between 48° and 49 0 C. It 
errows well in Uschinsky’s and Fermi’s solutions, changing them to pale 
Veronese green and water green in 3 to 5 days, but grows very faintly in 
Cohn’s solution. The organism liquefies gelatin slowly at 18.5° C., one- 
half of the gelatin in test-tube cultures being liquefied in 10 days. On 
potato cylinders it produces a fleeting dark blue-green color. This strik- 
ing color reaction develops promptly and disappears on the sixth day or 
earlier. It grows in bouillon over chloroform, tolerates malic, tartaric, 
and citric acid (0.1 to 0.2 per cent) added to neutral beef bouillon, but 
will not grow in neutral beef bouillon containing 0.3 per cent of these 
acids. It grows readily in neutral and in beef bouillon +5, moderately in 
- 10 and — 18, faintly in -20, but will not grow in -22 beef bouillon. 

The organism withstands a limited amount of drying. A drop of a 
1 -day-old bouillon culture smeared over sterile cover glasses and k ept m 

l This use of the genus Bacterium is in accordance with the system of classification proposed by hrwiO 
F. Smith in kis Bacteria in Relation to Plant Diseases, V. i, p. i?»- Washington, 1 >. C. ( J 9 ° 5 - t - 


gic Inst. Wash. Pub. 37.) 

2 Ridgway, Robert. Color Standards and Color Nomenclature. 43 


5J col. pi. Washington, D. C., 


1912. 
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the dark at room temperature (20° to 2t° C 'i w m 
the eleventh day of drying when such covers are pLedTn tXfof’T !“• 
bouillon. s 0 wt 

It is not especially sensitive to sunlight. Petri dishes, one half t 
with black paper and exposed bottom up to the noon-dav sun i„ 
asackof ice, developed 15 to 30 colonies on the uncovered parts exposed 
for 3° minutes, but none at 40 minutes. The covered part of the 
minute plates developed from 130 to 150 colonies; that of the 40-minnte 
plates developed from 30 to 55 colonies. 

The organism likewise grows in neutral beef bouillon containing . and 

+5 P er cent of sodiu,n cUorid * but does ™>t grow in the same medium 
with 5 per cent of common salt. It produces indol, but less abundantly 
than Bacillus coli, and does not reduce nitrates. 

Stained from young agar cultures, the organism is a short rod with 
rounded ends. It is less than i to 1.25/1 in diameter and 1.25 to yt long. 
It occurs singly, in pairs, and also in chains. Spores have not been 
observed. The organism stains readily with carbol fuchsin, gentian 
violet, methyl violet, and methylene blue. It is Gram-positive, and is 
not acid-fast. The flagella were stained by lot-filers flagella stain. 

A bacterial disease of lettuce has been reported from the Vermont, 
the Massachusetts, the Florida, and the North Carolina experiment 
stations. Pietro Voglino (1904) 1 in Italy has reported a bacterial dis- 
ease of lettuce and named his organism “Bacillus ladmcae." As the 
description of the organism reported in his paper does not agree with 
our own (pink, nonliquefying, spore-bearing, etc.), it is clear that the 
Louisiana organism is not the same as the Italian, but is possibly the 
same as some one of the unnamed forms previously isolated in this 
country and not carefully described. The name “Bacterium viridi- 
lividum, n. sp.,” is suggested for the one under consideration, owing to 
its peculiar appearance on steamed potato. 

For purposes of orientation, a short account of the literature on bac- 
terial diseases of lettuce follows: 

L. R. Jones (1893)* has given an account of a bacterial stem-rot ol 
lettuce. A large bacillus was found in the diseased stems, but was not 
isolated. He reproduced the disease (1) by planting healthy plants 
in soil inoculated with fragments of lettuce plants affected by 'stem 
rot,” (2) by crushing a diseased lettuce head in a little water and pouring 
this water about the roots of healthy plants. 

G. E, Stone (1907) mentions a bacterial disease of lettuce leaves 
which had been investigated by Mr. Fercival C. Brooks six yeais earlier. 
It is stated that Mr. Brooks isolated an organism and produced positive 
results from inoculation experiments. As the disease was belie ved to 

1 Bibliographic cilaliuns in parentheses rdw to “Literature cited,” p. 4?«- 

96502° — 15 8 
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be of little consequence, no extensive study was made. There is no 
description of his organism. 

F. L. Stevens (1908), in a short report on a bacterial disease of lettuce 
states that the bacteria isolated were rather long rod forms. His attempts 
at inoculation were unsuccessful. 

H. S. Fawcett (1908) also reports a bacterial disease of lettuce. He 
likewise isolated an organism and reproduced the disease. His colonies 
on standard peptonized agar had indefinite margins and pearl-white 
foci. The organism stained readily in carbol fuchsin and aqueous 
gentian violet, but with difficulty in methylene blue. 

0 . F. Burger (1912) describes a bacterial disease of lettuce which he 
says is caused by a species of Pseudomonas. The disease begins at the 
center of the head, which blackens and then becomes soft. In the 
seed bed the disease appears as small black spots on the leaves. This 
does not seem to be the type of disease that occurred in Louisiana this 
year. Burger states that cultures of the bacteria were made and healthy 
lettuce plants were inoculated. In 10 days the inoculated plants were 
black and pulpy, while the checks were still healthy. 

Bacterium viridilhidum does not agree with the descriptions of any of 
the organisms mentioned by these writers. Voglino’s (1904) organism 
evidently does not liquefy gelatin, and the colonies in lettuce gelatin 
change from an ivory-white color to a rosy tint. B. viridilividim 
liquefies gelatin, and is never ivory white or of a rosy tint. Fawcett’s 
(1908) organism produces colonies with indefinite margins and pearl- 
white foci and stains with difficulty in methylene blue. B. viridilhidum 
has definite margins, no pearl-white foci, and stains readily in methylene 
blue. Stevens’s (1908) organism is a long rod form; B. nridilividum is 
a short rod. Stevens’s inoculations were not successful. Jones (1893), 
Brooks (Stone, 1907), and Burger (1912) did not describe their organisms. 
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